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EARLY HISTORY OF THE LOS ANGELES WATER 

WORKS. 

The Pueblo of Los Angeles, upon its establishment in 1781, was 
invested by the laws of Spain with the right to take and use the waters 
of the stream flowing across its boundaries, now known as the Los An- 
geles River, for all public and domestic purposes. This right descended 
to its successor, the City of Los Angeles, and is the most valuable asset 
of the municipality. 

In 1868, the city made a lease of its water- works to certain indi- 
viduals, for the period of thirty years, together with the right to divert 
water from the Los Angeles River and distribute the same, at pre- 
scribed rates, to the inhabitants of the city. This lease was soon after- 
wards transferred to the Los Angeles City Water Company, a corpora- 
tion formed especially for the purpose of constructing and operating 
the water works. It was provided in the lease that, at the end of the 
term of thirty years, the city should be entitled to the possession of the 
works upon paying the lessees, or their assigns, the value of the im- 
provements. While the lease expired in 1898, the actual transfer of the 
possession and control of the property to the city was not consummated 
until February, 1902, the long delay being due to a controversy be- 
tween the city and the water company, involving much litigation, over 
the amount to be paid on account of the improvements. 

The management of the water works by the City, through its 
Board of Water Commissioners, has been marked by great efficiency 
and success, due, in large measure, to the fact that only men of recog- 
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The Pueblo of Los Angeles, upon its establishment in 1781, was 
invested by the laws of Spain with the right to take and use the waters 
of the stream flowing across its boundaries, now known as the Los An- 
geles River, for all public and domestic purposes. This right descended 
to its successor, the City of Los Angeles, and is the most valuable asset 
of the municipality. 

In 1868, the city made a lease of its water- works to certain indi- 
viduals, for the period of thirty years, together with the right to divert 
water from the Los Angeles River and distribute the same, at pre- 
scribed rates, to the inhabitants of the city. This lease was soon after- 
wards transferred to the Los Angeles City Water Company, a corpora- 
tion formed especially for the purpose of constructing and operating 
the water works. It was provided in the lease that, at the end of the 
term of thirty years, the city should be entitled to the possession of the 
works upon paying the lessees, or their assigns, the value of the im- 
provements. While the lease expired in 1898, the actual transfer of the 
possession and control of the property to the city was not consummated 
until February, 1902, the long delay being due to a controversy be- 
tween the city and the water company, involving much litigation, over 
the amount to be paid on account of the improvements. 

The management of the water works by the City, through its 
Board of Water Commissioners, has been marked by great efficiency 
and success, due, in large measure, to the fact that only men of recog- 



nized ability and fitness have been selected as members of the board, 
and that the organization of the Water Department has been kept en- 
tirely free from politics and subject to civil service rules. 

Under municipal management, the water rates have been substan- 
tially lower than those previously charged by the water company, 
amounting at present to about ten cents per thousand gallons, with a 
minimum monthly rate of 75 cents. This compares favorably with the 
rate of 24 cents per thousand gallons charged in San Francisco, 40 
cents in* Oakland, 30 cents in Alameda, and 35, cents in Berkeley. 

For the year endii>g November 30, 1906, tfie gross income from 
the plant was $968,104.34, operating and maintenance charges 
amounted to $164,083.86, and the interest and sinking fund on bonds, 
issued for the purpose of purchasing the water works and making 
improvements, was $151,603.75, thus leaving a net revenue of $652,- 
416.73, and practically the whole of l^is amount was expended for ex- 
tensions and improvements. During the past year, 246,500 feet, or 46.68 
miles, of pipe mains were laid, none of which were less than four inches 
in diameter; 6978 meters were installed, bringing the percentage of 
taps metered up to 31 per cent; 5984 new connections were made, rep- 
resenting an addition of over 25,000 customers for the year; the Ivan- 
hoe Reservoir, with a capacity of 50,000,000 gallons, was constructed, 
and the Pollock land was purchased and a pumping plant erected 
thereon. 

Since taking possession of the water works in 1902, the Water 
Department has practically rebuilt the entire system, besides keeping 
pace, by extensions and improvements, with the extraordinary growth 
of the city ; and the expenditures for all these purposes have been met 
out of the income from water rates. 

NEED OF ADDITIONAL WATER SUPPLY. 

The municipality, having fully demonstrated its ability to suc- 
cessfully operate and manage the domestic water works, has under- 
taken the solution of the more serious problem of providing an addi- 
tional water supply, made necessary by the extraordinary growth of the 
city. As was stated in the report of the Board of Water Commis- 
sioners for the year ending November 30, 1904, in reference to the 
Los Angeles River, upon which the city depends almost exclusively 
for water, "the time has come when we shall have to supplement its 
flow from some other source." 

In 1890, the population as shown by the federal census was 50,395. 
By 1900, it had doubled. In the next five years, it doubled again, and 
at the present time it probably exceeds 250,000. 
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invested by the laws of Spain with the right to take and use the waters 
of the stream flowing across its boundaries, now known as the Los An- 
geles River, for all public and domestic purposes. This right descended 
to its successor, the City of Los Angeles, and is the most valuable asset 
of the municipality. 

In 1868, the city made a lease of its water- works to certain indi- 
viduals, for the period of thirty years, together with the right to divert 
water from the Los Angeles River and distribute the same, at pre- 
scribed rates, to the inhabitants of the city. This lease was soon after- 
wards transferred to the Los Angeles City Water Company, a corpora- 
tion formed especially for the purpose of constructing and operating 
the water works. It was provided in the lease that, at the end of the 
term of thirty years, the city should be entitled to the possession of the 
works upon paying the lessees, or their assigns, the value of the im- 
provements. While the lease expired in 1898, the actual transfer of the 
possession and control of the property to the city was not consummated 
until February, 1902, the long delay being due to a controversy be- 
tween the city and the water company, involving much litigation, over 
the amount to be paid on account of the improvements. 

The management of the water works by the City, through its 
Board of Water Commissioners, has been marked by g^eat efficiency 
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His conclusions are : 



NEED OF OWENS VALLEY WATERS. 

"The bearing of this situation upon the wisdom of Los Angeles' 
movement to secure Owens Valley waters may well be briefly dis- 
cussed. Contiguous to Los Angeles on the south is the Coastal Plain, 
which contains the largest body of water-bearing land in Southern Cal- 
ifornia, and but a short distance away to the east lies the San Gabriel 
basin. In the southern part of this basin, near El Monte, lies an area 
underlain by a valuable body of ground waters, which have not as 
yet been seriously taxed by development. These two regions are prob- 
ably the best in the southern part of the State, in point of view of un- 
derground water supply, and both have been considered at various 
times, when the question of a supply for the City of Los Angeles to be 
secured from near-by points has been under discussion. The data 
which has already been presented proves that in that portion of the 
Coastal Plain which lies immediately south of Los Angeles, water 
levels have been declining during the past two years, in spite of the 
fact that these years have covered a period of very much more than 
normal rainfall. In an area farther to the southeast, near the San 
Gabriel Channel, water levels have recovered during this period, while 
still f^irther eastward in the vicinity of Anaheim water levels fell during 
the first year of heavy precipitation and rose during the second, while 
in the period from 1900 to 1904, a time of approximately average rain- 
fall for this section of the State, moderate declines are recorded. 

"Within the Coastal Plain there are at present about 100,000 acres 
of land under irrigation, while approximately four times that area is 
capable of irrigation if water were available for this purpose. But 
the ground water supply is clearly overtaxed with the developments 
at present carried out in at least a portion of this area, while in the 
greater part of it, it is probable that developments have been carried 
quite as far as they can be without danger of a constantly declining 
ground water level and a consequent constantly increasing cost of 
waters in use for irrigation. It is clearly not possible to develop per- 
manently enough of these waters to irrigate the remaining lands capa- 
ble of irrigation within the Coastal Plain. 

"Under these circumstances, if the City of Los Angeles were to 
enter this field and establish pumping plants for the purpose of secur- 
ing a supply of water adequate for domestic purposes, it must enter 
into competition with the agricultural interests already established there, 
and practically eliminate the possibility of further extending the agri- 
cultural areas. It is obviously unwise, even if the California laws, as at 
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present interpreted, would permit of such a policy, for the City to de- 
velop, at the expense of its surrounding tributary agricultural districts, 
and its entry into the Coastal Plain will inevitably be at the expense of 
these districts. 

"The situation in the San Gabriel Valley in the vicinity of El Monte 
differs somewhat from that in the Coastal Plain. Developments of the 
underground waters there are not as yet extensive, and the supply ap- 
pears not to be overdrawn. It is indeed probable that it is capable of 
further developments without serious depletion; but, as in the case of 
the Coastal Plain, there are large areas of agricultural lands in the San 
Gabriel Valley itself, and in the edge of the Coastal Plain below the 
Paso de Bartolo, which can be reclaimed by the use of these waters, if 
it shall seem desirable to develop them further, and this use will be 
rendered impossible if the City enters the district and pumps out large 
and constantly increasing quantities to supply its own needs. 

'^Furthermore, there now head in and above the Paso de Bartolo 
a number of important canals, which are supplied by the waters that 
rise in and near the Pass, and which, in turn, supply irrigating waters 
to accessible lands in the region to the south and west. The effect of 
the development of underground waters in a region where under nat- 
ural conditions the surplus rises to the surface in a series of springs, is 
to reduce the flow of these springs and as development proceeds event- 
ually to cause their disappearance; springs of this type are extremely 
sensitive to the installation of pumping plants in their vicinity and 
since so many canals on and above the Paso de Bartolo are supplied 
exclusively by them, there is little doubt but that extensive develop- 
ments there would affect the supply now taken by these canals, and so 
would lead to extended litigation, in which either the agricultural lands 
which utilize the canal waters would be deprived of their supply, or the 
City would lose its right to pump. 

"During the dry period through which Southern California has 
lately passed, one of the canal systems heading here in the Pass was 
forced to install a pumping plant in order to keep its supply up to the 
normal. This fact indicates that but little, if any, more water now rises 
in the Paso de Bartolo than is required by the interests which utilize it, 
and indicates a strong probability that any developments which will 
lend to interfere with this supply will at once make themselves felt 
through a reduction of the flow of the natural springs. 

"Since these two areas, the Paso de Bartolo and the Coastal Plain, 
are not only the best water-bearing districts near Los Angeles, but are 
the best in Southern California, obviously, if it is unwise to further tax 
them by additional developments, it would be still more unwise to invade 
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other of the water-bearing lands more remote from the City. So far 
as the ground water situation is concerned, therefore, the policy of the 
City in going to a distant source for its water supply, is not merely 
wise, but is absolutely necessary, if the City's future growth is not to be 
at the expense of neighboring communities." 

The conclusion of this investigation was that, first, there is urgent 
need for an additional water supply; second, that the attempt should 
not be made to invade local fields for water ; third, that the City could 
pse ultimately to its advantage, within an area to be included within 
reasonable prospective boundaries, an amount as great as 500 cubic 
feet per second, or 25,000 miner's inches ; fourth, that the future de- 
velopment and prosperity of this section will be measured largely by its 
available water supply. The estimates indicated not only that this 
conclusion could best be met from the Owens River Valley, but also 
that the cost per miner's inch of water obtained therefrom would be 
less than the cost of obtaining it from any other locality. 

It has been proposed by some that the San Gabriel River above 
Azusa should be utilized for an additional water supply for tjie City of 
Los Angeles. This is based on recent flood discharge from that drain- 
age basin. Unfortunately, the controlling factor in determining the 
adequacy of a water supply is governed by a cycle of dry years, rather 
than by a cycle of wet years. All the summer flow of the San Gabriel 
River is completely diverted and used for irrigation by some of the 
most highly productive citrus regions of Southern California, and the 
value of the products from these irrigated lands amounts to two millions 
of dollars annually. In dry years winter irrigation is practiced. Fortu- 
nately we have measurements extending over a period of ten years 
made by the United States Geological Survey on this stream, indicat- 
ing both the amount of water diverted, and the surplus from this 
source. 

The following table, taken from United States Geological Survey 
Water Supply Paper No. 81, called "California Hydrography," shows 
the amount of this surplus water of the San Gabriel River, including 
all flood water: 



1896 II second feet, or 550 inches 

1897 104 " " " 5200 

1898 2.5 

1899 13 

1900 15 

1901 83 

1902 4 
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1903 103-9 5195 

1904 lo.i " *' " 505 " 

1905 167.0 " " " 8350 " 

Ten-year mean 2503. 15 miner's inches. 

The surplus water passing these diversion canals debouches over 
the sands and gravels of the San Gabriel Valley, and, under ordinary 
conditions, is absorbed by them, and, percolating towards the San Ga- 
briel Narrows, furnishes the water supply for the Norwalk, Whittier 
and Compton regions. An attempt to store these flood waters in the 
San Gabriel would probably lead to injury to and litigation with 
these communities. A power plant is built in the canyon of the San 
Gabriel River, which might be seriously interfered with if the flood 
water were stored and its winter water supply thus cut off. The ca- 
pacity of this power canal is 100 second feet or 5,000 miner's inches. A 
great many other right of way applications have been filed upon and 
granted to the Power Companies. 

There are no reservoir sites of value in the drainage basin of the 
San Gabriel River. The entire area has been mapped by the topog- 
raphers of the Geological Survey, and the irrigators and land owners 
receiving their water supply from this stream would long since have 
constructed a reservoir in this basin if a suitable site existed and if the 
water supply had been adequate. I am, therefore, unable to see any 
merit in the proposition of storing the flood waters of the San Gabriel 
River for the relief of the City of Los Angeles. 

The Mojave River situation was considered in the Water Com- 
missioners' Report of 1904-1905. It is therein stated that 40 second 
feet, or 2,000 miner's inches could be obtained from Victor reservoir. 
This would meet our demands for only four or five years. This river 
has been further investigated, and no occasion has been found for modi- 
fying the first report, which was to the effect that a temporary relief 
could be obtained at relatively high expense per miner's inch of water 
delivered by storing the flood waters of the Mojave River at the Victor 
Reservoir site, or in the Arrowhead reservoirs. It is to the advantage 
of the City of Los Angeles that the waters of the Mojave River should 
be used in the San Bernardino Valley in local development, as the City 
can get another supply at a cheaper rate per unit of volume from the 
Owens River, and is benefitted by the development of its tributary 
country. 
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FUTURE REQUIREMENTS. 

It was stated above, that the total available supply of the City, 
including the water extracted from wells, was 71.5 cubic feet per second. 
A portion of this supply, however, was obtained from wells and might 
be considered as temporary. The minimum surface flow of the Los An- 
geles River during the summer of 1904 was 43 second feet, and from 
the Arr6yo Seco at the Devil's gate, the flow was about two second feet, 
making 45 second feet as the available supply in a dry year from 
surface streams near Los Angeles for the entire Los Angeles, Holly- 
wood and Pasadena districts. With a domestic water consumption of 
150 gallons per capita, one million people would require 150 million 
gallons daily, or 232 cubic feet per second. Deducting the available 
supply from this 232 second feet consumption, we will have a defi- 
ciency, under these conditions, of 187 cubic feet per second, which 
should be supplied from some outside source. The present plan is 
to build an aqueduct with a net capacity of 400 cubic feet per second. 
We may, therefore, say that one million people will require about 
one-half of this supply, and that the remaining 200 cubic feet per 
second, or 10,000 miner's inches would be available for irrigation 
uses. The City of Los Angeles now covers 61.16 square miles, and 
it is highly probable that its boundaries will be greatly extended. It 
is absolutely necessary that Los Angeles now provide for domestic 
water for all time to come. There are now about 350,000 inhabitants 
within the possible limits of these extensions, and our numbers have 
been doubled within four years. 

By a fortunate circumstance, practically the s.ame amount of 
water is required for the irrigation of a square mile of citrus fruit, 
that is required for the domestic uses of a square mile of a city such 
as Los Angeles, so that these areas upon which surplus water at first 
may be used for horticulture, may become strictly urban regions 
without affecting the necessity for varying the water supply. The 
business sections of the city consume an inch to four acres, and an 
inch to eleven acres is the average for the entire City. As it is un- 
necessary to irrigate through the winter season, and as storage reser- 
voirs in the San Fernando Valley are available for impounding the 
winter flow, for the next summer use, the 10,000 inches of water 
available for irrigation may be delivered in such method as may be 
required. This would give a six months summer supply of 20,000 
inches, or an eight months summer supply of 15,000 inches. If an 
inch is made to serve five acres for irrigation, and with an eight 

16 



n 


l»V^^l'*^^^l 


1 


^H ' 'H^H 


^■^^^^B' ' 


J 


It f" 


H^'B 


Wi 


K^' 


, iw .''Vflllp 


i 



months' annual supply, this would be sufficient for the irrigation of 
7S,ooo acres of land. 

In the San Fernando and Canada Valleys, and the country as far 
south and east as Eagle Rock, there are 106,440 acres of agricultural 
land. Between Ivanhoe and Santa Monica there are 40,550 acres, or 
a total of 146,990 acres, of which only 11,360 are now supplied with 
water, leaving 135,630 unprovided for. In the country between Pasa- 
dena, San Gabriel and the San Gabriel River, there are 43,200 acres 
additional. It will be seen, therefore, that in the country imme- 
diately adjacent and contiguous to the City of Los Angeles, there 
is an area twice as great as we can possibly hope to supply with 
water from the Los Angeles Aqueduct as planned, and this does not 
include the valuable lands south of the City. 

OWENS RIVER PROJECT. 

IKCEPTIGN OF IDEA. 

The idea of bringing the water of the Owens River to the City 
of Los Angeles originated in 1893 with Mr. Fred Eaton. Mr. Eaton 
was for several years engineer and superintendent of the Los Angeles 
City Water Company. He was subsequently City Engineer, and in 
1893 he was engaged in the ranch business in Owens Valley, where 
he resided for a number of months. Mr. Eaton did not publicly dis- 
cuss this idea. His training as an engineer, both for the City and 
with the Water Company, together with his general knowledge of the 
water situation in and around the City of Los Angeles, particularly 
qualified him to judge of the necessities of the case, and the merits of 
this project. He was Mayor of the City during the years 1899-1900. 
In the Fall of 1904 and the early Spring of 1905, Mr. Eaton on his 
own responsibility and at his own expense, began obtaining contracts 
and options on water-bearing property in Owens Valley. With these 
contracts and options in hand, he first presented the matter to repre- 
sentatives of the City of Los Angeles late in the Fall of 1904, and 
early in the year 1905. The first idea that Mr. Eaton had concerning 
the handling of the proposition, contemplated a combined private and 
municipal project, the City to receive 10,000 miner's inches of water 
for domestic uses, and the surplus water to be available for Mr. 
Eaton and his associates for disposal outside the City; this surplus 
water to pay toll for the use of the aqueduct, and all water to be 
available in transit for the benefit of the corporation for purposes of 
generating power. The aqueduct was to be built and paid for by 
the City and have a capacity of at least 20,000 inches. Mr. Eaton 
was to secure all necessary lands and water rights, and to deliver 
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the water rights without cost to the City. The Board of Water Com- 
missioners, as well as other city officials, declined this, and insisted 
upon an exclusive municipal ownership and control. At this time, 
the U. S. Reclamation Service was investigating the Owens Valley 
Project, and had withdrawn all public lands there, including reservoir 
sites, and had filed on the water. Mr. Eaton's program was presented 
to the officials of the Reclamation Service, including Mr. F. H. 
Newell, chief engineer, and Mr. J. B. Lippincott, supervising engi- 
neer, for the first time in the Fall of 1904. Both these officers of the 
Reclamation Service took the stand that they could not aid the City 
of Los Angeles unless the project was exclusively a municipal one. 

The Board of Water Commissioners detailed the superintendent 
to make an investigation of the water supply in the Owens River 
Valley in September, 1904, at which time of the year the waters of 
the streams in that valley are usually at their lowest ebb. This was 
followed up by a careful reconnaissance of the route, to determine 
the practicability of the constructing of a canal to bring the water to 
the City of Los Angeles. About three months was spent on this 
reconnaissance work. The superintendent reported favorably on the 
adequacy of the water supply and the feasibility of constructing a 
canal to bring it to the City, and the Board of Water Commissioners 
then asked him to make a preliminary estimate of the probable cost 
of such an enterprise, with a view to getting data on which to base 
a bond issue for the purchase of the Eaton water rights. 

In April, 1905, Messrs. Fay and Elliott of the Water Board, 

accompanied by Mayor McAleer, City Attorney Mathews, and Messrs. 

Eaton and Mulholland, made a visit to the Owens River Valley for 

the purpose of further investigating the project, and of considering 

a proposal from Mr. Eaton to sell to the City certain options and 

contracts for the purchase of lands and water rights along the Owens 

River. 

After carefully considering all available information concerning 

sources of water supply, sufficient for the needs of the City, both in 
and outside of Southern California, the Board became thoroughly con- 
vinced that the Owens River afforded the only adequate supply that 
could be obtained by the City at a cost which it would be justified in 
incurring. Having reached this conclusion, the Board entered into a 
contract with Mr. Eaton for the acquisition of the property embraced 
in the proposal submitted by him, and devoted the available funds of 

the Water Department for that purpose. Appendix **B" gives the 
official minutes of these proceedings. In this transaction, the City 
acquired all lands controlled by Mr. Eaton in what is known as the 
Rickey ranch, lying south of the north line of Township 10 South, 
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Range 34 E., M. D. M., embracing 22,670 acres, together with all 
water rights appurtenant thereto, including about 16 miles of frontage 
on the Owens River; also an easement permitting the use perpetually 
of 2684 acres in the Long Valley reservoir site for storage purposes, 
and in addition thereto, options held by Mr. Eaton on large tracts of 
land, with extensive frontage on the river below the Rickey property. 

The commercial organizations of the City were taken into the full 
confidence of the Water Commissioners, and each step in this aflfair 
was fully considered by them. The minutes of the Board of Water 
Commissioners were public documents open to inspection. 

The Chamber of Commerce appointed a special committee to in- 
vestigate the plan of the Water Commissioners for an additional water 
supply, and the advisability of voting the $1,500,000 bond issue of 
September, 1905, for the purchase of water rights, making survey and 
starting construction. They reported as follows : 

Los Angeles, California, September i, 1905. 

REPORT OF SPECIAL COMMITTEE OF CHAMBER OF 
COMMERCE ON OWENS RIVER WATER 

SUPPLY. 

Board of Directors, Los Angeles Chamber of Commerce. 

Gentlemen: Your committee appointed to investigate the plan 
proposed by the Board of Water Commissioners for bringing a supply 
of water from the Chvens River Valley report as follows : 

By careful investigation we have endeavored to secure all the 
information possible in connection with the proposed plans. We have 
conferred with the City officials, the Water Board, and with disin- 
terested engineers and contractors. We have examined maps and 
Government reports, and have joined with othe rcommercial bodies in 
sending a special committee consisting of Messrs. H. C. Witmer, M. 
Lissner, and Fred A. Hines to the Owens River Valley to make a per- 
sonal investigation, especially with reference to the quality of the water, 
of which a number of analyses were made by different chemists. 

From this inquiry the conclusion of your committee may be thus 
summarized : 

First: It is imperatively necessary to secure a new water supply 
if the development of this City is to be continued. 

Second : The Owens River Valley is the only source that promises 
a permanent supply that will be sufficient. 

Third: There is an ample supply for our needs, and the quality 
of the water is satisfactory. 
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Fourth: There are no difficult engineering problems presented 
in building the conduit needed. It is a large but simple propositicMi. 

Fifth : The estimates of cost of construction are very liberal, and 
the total outlay will probably come well within the estimate of $21,- 
500,000 made by Mr. MulhoUand, Engineer of the Water Department 

Sixth: While there will undoubtedly be more or less litigation 
as in all enterprises of this character, we believe that the rights sought 
to be acquired by the City can be successfully maintained and de- 
fended. 

In connection with the above conclusions, we desire to express 
our satisfaction with the skill and marked ability displayed by those 
officials of the City who have had charge of its interests. A pi*oject 
of this kind conducted by a municipality usually fails, or becomes a 
matter of great expense by reason of premature knowledge of the 
plans. 

We believe that they were sufficiently informed on all material 
points involved in the enterprise to justify the action taken by them. 
They do not expect to expend any more money than is necessary to 
conserve the City's interest until they shall have secured the approval 
of the entire plans by disinterested experts of the highest character. 

We attach hereto a copy of letter received from the Water Board 
concerning same. 

We heartily approve the entire project and recommend that the 
bonds be voted. 

Respectfully submitted, 

(Signed) W. J. Washburn, 
(Signed) Wiu,is H. Booth, 
(Signed) A. B. Cass, 
(Signed) Wm. D. Stephens, 
(Signed) Jacob Baruch, 
(Signed) Fred A. Hines, 

Committee. 

Prior to the time that money was available from the sale of bonds 
for the Los Angeles Aqueduct, and before the appointment of the 
Board of Public Works funds were advanced by the Water Commis- 
sioners to the extent of $233,865.53. This advance was made on 
the advice of the City Attorney and after careful deliberation with 
the City officials and commercial organizations. After the voting of 
the bonds in September, 1905, these funds were returned to the Water 
Department. The action of the Board of Water Commissioners was 
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courageous and patriotic throughout, and deserves the highest com- 
mendation. It was imperative that the lands and water rights neces- 
sary for the successful control of the situation should be obtained with- 
out general public discussion in the Owens Valley. When the subject 
was presented to the voters of Los Angeles, with a full explanation, 
in September, 1905, $1,500,000 in bonds was voted by them to pay 
for these lands and to continue the investigations and start construc- 
tion, the vote being in favor of the issue, by a ratio of 14 to i, which 
is probably the greatest majority that has ever been given to any 
bond issue in the City of Los Angeles. 

FEDERAL WORK IN THE OWENS VALLEY. 

After the passage of the Reclamation Act, June 17, 1902, general 
investigations were begun in all portions of the West for the selec- 
tion of projects for construction. In California, the Klamath, Pit 
River, Cache Creek, King's River, Colorado River (from Needles to 
the Mexican line), Owens Valley and Sacramento Valley projects 
were all investigated. 

In all of these districts, the water was filed upon under state law 
and withdrawals of the public lands made under the general provi- 
sions of the Reclamation Act. The Yuma project was adopted by 
the Secretary of the Interior in May, 1904, and the Klamath project 
ill May, 1905. These two projects exhausted all money that was 
available for the construction of projects in California at that time. 
In the Fall of 1906, the Reclamation Service adopted the Orland 
Project on Stony Creek in the Sacramento Valley, thus initiating the 
Sacramento Project, which is one of the largest in the country. No 
promises or agreement were ever made upon the part of the Reclama- 
tion Service or any of its authorized agents to build any project in the 
Owens Valley. The Reclamation service stopped all work on the 
Owens Valley Project in January, 1906, and has not prosecuted any 
field work in that region since that time. 

Section 8 of the Reclamation Act provides: "That nothing in 
this Act shall be construed as affecting or intended to affect or to in 
any way interfere with the laws of any State or territory relating to 
the control, appropriation, use or distribution of water used in irriga- 
tion, or any vested right acquired thereunder, and the Secretary of 
the Interior, in carrying out the provisions of this Act, shall pro- 
ceed in conformity with such laws, and nothing herein shall in any 
way affect any right of any State or of the Federal Government or 
of any landowner, appropriator, or user of water in, to, or from any 
interstate stream or the waters thereof." The law of California with 
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reference to the perfecting of a water right is as follows: "Within 
sixty days after the notice is posted, the claimant must commence the 
divert the water, and must prosecute the work diligently and without 
excavation or construction of the works with which he intends to 
interruption to completion, unless temporarily interrupted by snow or 
rain." No construction was ever begun by the government and even 
surveys were discontinued more than a year ago. The Federal Gov- 
ernment, therefore, has no valid water rights in the Owens Valley. 

Under date of July 2^^ 1906, the following letter was sent to the 
Chief Engineer of the Reclamation Service by the President of the 
Board of Water Commissioners of the City of Los Angeles: 

"Los Angeles, Cal., July 2T^ 1906. 

"F. H. Newell, Esq., Chief Engineer, U. S. Reclamation Service, 
Washington, D. C. 

My Dear Sir: The City of Los Angeles voted $1,500,000 for the 
purchase of riparian lands and the commencement of the work of con- 
structing an aqueduct from the Owens Valley, by a ratio of four- 
teen to one, in September, 1905. We have now succeeded in completing 
our preliminary survey, have found no unforeseen difficulties, and 
believe the work is feasible. 

"By an act of Congress approved June 30, 1906, the Federal Gov- 
ernment granted to the City rights of way for conduits and reservoirs 
necessary for this enterprise. The Water Department has now pur- 
chased $750,000 worth of property and controls the riparian lands 
along the lower river for nearly forty miles. We favor returning to 
the Reclamation Service the amounts expended by it in Owens Valley. 

"About June 27th the President addressed a letter to the Secre- 
tary of the Interior relative to this subject of which I enclose a copy. 
The following statement is contained therein: 

"Senator Flint states that under the proposed law Los Angeles 
will be seeking to provide its water supply for the next half century, 
which will mean that at first there will be a large surplus, and that 
in order to keep their rights they will have to from the beginning 
draw the full amount of water (otherwise the water will be diverted 
to other uses and could not be obtained by the City), and while if the 
City did not need the water it would be proper that the other users 
should have it, yet it is a hundred or a thousand fold more important 
to the state and more valuable to the people as a whole if used by the 
City than if used by the people of Owens Valley." 
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"Our attention has been called to the rumor that Mr. L. H. Taylor, 
Supervising Engineer for Nevada, has made certain investigations for 
an "amended Federal Project'* in the northern end of Owens Valley. 
Such a project would have intimate bearing on the plans and rights 
of the City, and we would be greatly obliged, if any such enterprise is 
proposed, to have the plans and reports presented to the Water Com- 
missioners of the City of Los Angeles at the earliest date at which 
they can with propriety be shown us. 

"While it has not been anonunced as yet, we may state to you that 
the City is now in possession of two important reservoir sites between 
Owens Valley and Los Angeles in which the surplus waters can be im- 
pounded. We also own by far the greater portion of the Long Valley 
Reservoir site near the head waters of the Owens River. 

"Los Angeles needs all the additional water it can obtain. Our 
demand is in excess of the greatest available supply. It would be 
unfortunate if anything should be done by the Federal Government 
to interfere with the domestic water supply of the largest city of the 
Southwest, especially since its project is designed for public benefit, 
and we expect to proceed with this great work prpmptly. 

"In this connection, we beg to inquire whether all the Reclamation 
Funds have not been allotted, so that money is not available for the 
construction of any other project. 

"If it is necessary for us to modify our plans it is important that 
we should be informed at the earliest possible date. 

Yours respectfully, 

Jno. J. Fay, Jr., President. 
Board of Water Commissioners of the City of Los Angeles/' 

The following letter was received from the Chief Engineer: 

DEPARTMENT OF THE INTERIOR 
UNITED STATES RECLAMATION SERVICE 

Washington, D. C, August i, 1906. 

"Mr. Jno. J. Fay, Jr., Board of Water Commissioners, 
Los Angeles, Cal. 

"Dear Sir: Your letter of July 27th has been received, making 
inquiry regarding the Owens Valley project. 

"All of the papers in this matter have been sent forward to the 
Department, with recommendation, and I have not yet been informed 

23 



as to the action taken upon them. I have, therefore, taken the liberty 
of forwarding your letter to the Department, with request that answer 
be sent to you outlining as far as practicable the plans to be pursued. 
I assume that an answer will be sent directly to you from the Depart- 
ment. 

Very truly yours, 

F. H. NewEix, 

Chief Engineer. 

No letter has ever been received from the Secretary of the In- 
terior, either outlining his position, or acknowledging the receipt of 
this communication. The President and Congress, however, have in- 
dicated plainly their attitude towards the City of Los Angeles. The 
Act of Congress granting rights to the City is given as Appendix C, 
and the President's letter is given below. Certain correspondence, 
however, was presented to Senator Frank P. Flint by the Secretary 
of the Interior, including a letter from the Acting Director of the 
U. S. Geological Survey,addressed to the Secretary of the Interior, 
defining the present position of the Reclamation Service towards tb<* 
Owens Valley Project, as follows: 

DEPARTMENT OF THE INTERIOR. 

United States Geological Survey. 
Reclamation Service. 

Washington, D. C, Jan. 25, 1907. 

"The Honorable, The Secretary of the Interior. 

Sir: I have the honor to acknowledge receipt of Departmental 
letter of the i6th inst. in relation to the Owens Valley Project. The 
Department asks whether I am still of the opinion that action should 
be taken as recommended in my letters of July 19 and August 2, 1906. 
and if so, why in my judgment, such action should be taken. 

"In said letters I based my recommendation upon the fact that the 
funds available under the Reclamation Act would not admit of taking 
up for consideration any project in the Owens Valley. 

"The conditions in regard to available funds have not changed and 
consequently I see no reason for modifying my former recommenda- 
tions. In my letter of December 24, 1906, I stated that the petition 
concerning a sub-project known as the Fish Slough, had, in accor<>- 
ance with the suggestion of the Owens Valley Water Protective As* 
sociation been referred to Mr. Taylor for report. This question ha.«* 
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heretofore been reported upon by Mr. Taylor so that nothing further 
is to be expected from him on this subject except a discussion of the 
matters presented in the petition. 

"In my letter of July 19, 1906, I recommended that, subject to the 
provision of the Act of June 30, 1906 (34 Stat. 801), for the benefit 
of the City of Los Angeles, the lands withdrawn for reclamation pur- 
poses in the Owens Valley project, be restored to entry. I did not 
in that letter except the lands which would be available under the Fish 
Slough Project, because it would involve holding in reservation for 
an indefinite period a considerable area of land, a policy which has 
not heretofore been adopted by the Department, although heretofore 
recommended in several cases. 

"If the Department is disposed to adopt the policy of holding lands 
in reservation for possible future projects, this office will prepare a list 
of lands to be retained for the Fish Slough project in making the re- 
storation contemplated by the Act of June 30, upon the payment of 
$14,000 by the City of Los Angeles, to cover the expenses of the 
Government in connection with the Owens Valley Project. 

Very respectfully, 

H. C. RizER, 
Acting Director. 

As far as known no further action has been taken by the De- 
partment. As the City has filed upon all surplus water under the 
state law and has followed this up with extensive surveys and con- 
struction, and has also become a very large riparian owner of these 
waters and has bought the principal reservoir sites it is not apparent 
how the Government could proceed in view of the law and the Presi- 
dent's opinion. 

The law which provides that individuals and corporations may 
file on rights of way for canals, reservoirs and power plants, does 
not plainly include a right for a municipality to file, and as a large por- 
tion of the area to be traversed by this aqueduct is over public lands, 
it was deemed necessary to obtain certain specific authority from Con- 
gress, in order for the City to obtain title to these rights of way. 
Accordingly, the Chamber of Commerce, in June, 1906, appointed a 
committee consisting of Messrs. W. J. Washburn, J. O. Koepfli, Wm. 
MulhoUand and W. B. Mathews, to go to Washington for the purpose 
of requesting such an act from Congress. They were materially aided 
in their work by Chas. D. Walcott, Director of the Geological Survey, 
F. H. Newell, Chief Engineer of the Reclamation Service, and Gifford 
Pinchot, Chief Forester. Senator Flint was of great service in these 
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negotiations. An interview was obtained with the President, and (Mi 
June 25th, 1906, in the presence of these gentlemen, he dictated the 
following letter to the Secretary of the Interior: 

"The White House, Washington, June 25, 1906. 
"My Dear Mr. Secretary : 

As I thiiik it best that there should be a record of our attitude in 
the Los Angeles Water Supply Bill, I am dictating this letter to you in 
your presence, and that of Senator Flint on behalf of the Califorma 
Delegation, of Director Walcott of the Geological Survey, and of 
Chief Forester Pinchot. The question is whether the City of Los 
Angeles should be prohibited from using the water it will obtain under 
this bill for irrigation purposes. Your feeling is that it should be 90 
prohibited because the passage of the bill without the prohibition 
might establish a monopoly in the municipality of Los Angeles to use 
the surplus of the water thus acquired beyond the amount actuafiy 
used for drinking purposes, for some irrigation scheme. 

"Senator Flint states that under the proposed law Los Angeles 
will be seeking to provide its water supply for the next half century, 
which will mean that at first there will be a large surplus, and thit 
in order to keep their rights they will have to from the beginning 
draw the full amount of water (otherwise the water will be diverted to 
other uses and could not be obtained by the city) and while if the 
City did not need the water it would be proper that the other users 
should have it, yet it is a hundred or a thousand fold more important 
to the state and more valuable to the people as a whole if used by the 
City than if used by the people of Owens Valley. Senator Flint fur- 
ther says that the same water that is used for drinking and washing is 
also used on innumerable little plots of land in and around Los An* 
geles for gardening and similar purposes, and that to prohibit this 
would so nearly destroy the value of the bill as to make it an open 
question whether the City could or would go on with the project; 
it being open to doubt whether the words "domestic use" would cover 
irrigation of this kind. 

"Messrs. Walcott and Pinchot state that there is no objection to 
permitting Los Angeles to use the water for irrigating purposes so 
far as there is a surplusage after the City's drinking, washing, fire 
and other needs have been met. They feel that no monopoly in an 
oflFensive sense is created by municipal ownership of the water as 
obtained under this bill, and that as a matter of fact, to attempt to 
deprive the City of Los Angeles of the right to use the water for' ir- 
rigation would mean that for many years no use whatever could be 
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made by it of the surplus water beyond that required for drinking and 
similar purposes. 

"I am informed by Senator Flint that the law of California pro- 
vides that if a municipality sells water to people outside the munici- 
pality, it must be at same rate that it sells to those within the munici- 
pality. 

''I am also impressed by the fact that the chief opposition to this 
bill, aside from the opposition of the few settlers in Owens Valley 
(whose interest is genuine, but whose interest must unfortunately be 
disregarded in view of the infinitely greater interest to be served by 
putting the water in Los Angeles), come from certain private power 
companies whose object evidently is for their own pecuniary interest to 
prevent the municipality from furnishing its own water. The people 
at the head of these power companies are doubtless respectable citizens, 
and if there is no law they have the right to seek their own pecuniary 
advantage in securing the control of this necessary of life for the City. 
Nevertheless, their opposition seems to me to afford one of the strong- 
est arguments for passing the law, inasmuch as it ought not to be 
within the power of private individuals to control such a necessary of 
life as against the municipality itself. 

"Under the circumstances, I decide, in accordance with the recom- 
mendations of the Director of the Geological Survey and the Chief 
of the Forestry Service, that the bill be approved, with the prohibition 
against the use of the water by municipality for irrigation struck out. 
I request, however, that there be put in the bill a prohibition against the 
City of Los Angeles ever selling or letting to any corporation or in- 
dividual except a municipality, the right for that corporation or the 
individual itself to sell or sublet the water given to it or him by the 
City for irrigation purposes. 

Sincerely yours, 

Theodora Roosevelt. 

P. S. — Having read the above aloud, I now find that everybody 
agrees to it, — ^you Mr. Secretary, as well as Senator Flint, Director 
Walcott and Mr. Pinchot, and therefore I submit it with a far more 
satisfied heart than when I started to dictate this letter." 

As a result of this conference, a Right of Way Act was passed 
(see Appendix C), which granted free right of use to the City of Los 
Angeles of all public lands required for canals, reservoirs and power 
plants in Inyo, Kern and Los Angeles counties. State of California, 
subject to valid existing rights. The Act provides that in the event 
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the Secretary of the Interior shall abandon the Reclamation Project 
known as the Owens Valley Project of the Federal Government, the 
City of Los Angeles shall pay to the Secretary of the Interior, for the 
account of the Reclamation fund, the amount expended by the Recla- 
mation Service for preliminary surveys, examinations, etc., not ex- 
ceeding $14,000, and in consideration of said payment, the City of 
Los Angeles is to have the benefit of the use of the maps and field 
notes of the surveys, and the preference right to acquire at any time 
within three years from the approval of this Act, any lands now re- 
served by the United States under the terms of said Reclamation Act 
in connection with said project, necessary for storage or rights of 
way purposes, upon the payment of $1.25 per acre for the same. 
Section 6 of said Act provides that the City of Los Angeles is pro- 
hibited from ever selling or letting to any corporation or individual/ 
except a municipality, the right for such corporation or individual to 
sell or sublet the water sold or given to it or him by the city. 

The President, in order to still further assist the City of Los 
Angeles, by an Executive order, withdrew all lands in bulk along the 
line of the proposed aqueduct and also in the Owens Valley, 
which might be of possible use to the City, and which 
might be filed upon by individuals or corporations prior to the time 
when the City could complete its surveys and file definite rights of 
way maps, as required by the Department. This withdrawal has 
been of great advantage to the City. Additional withdrawals have been 
made by Executive order on several occasions, and a disposition mani- 
fested to assist the City of Los Angeles in every possible way. The 
details concerning these lands are given under the discussion of land 
purchases. 

In the late Fall of 1904, J. B. Lippincott, at that time Supervising 
Engineer for the Reclamation Service, recommended that the records 
of the stream measurements and the surveys of the Reclamation Service 
in Owens Valley should be given to the City in order to aid the Water 
Board in reaching an intelligent judgment as to the advisability of the 
City of Los Angeles undertaking the construction of a municipal en- 
terprise therein. Thereupon, the Chief Engineer of the Reclamation 
Service gave these records to the Superintendent of the Water De- 
partment, and they are the only records that have ever been given 
by officers of the Reclamation Service to the City of Los Angeles. 
This data was largely published at the time and since then the re- 
mainder has been published. At the present time, the hydrographic 
branch of the Geological Survey is making extensive stream measure- 
ments and a study of the water supply of Owens Valley, in co-opera- 

28 





i 1 

i 
i 1 






yfl^HH 


m. 



























\ 




3| 1 1 












■- 






ala'bama H'LI-§ 






















■'-r 


■ 


,n 


V>>W 


VM 


m 




3 








. 


qw 




r 


















































































































o^ 


N 


>.l- 


— 




-- 


- 


— 


-- 


— 


- 


- 
























































































































































































1 
















































































: 




















































^EDl 


CT 
















1 




























■ 


























' 


























































































(m) 
























[^ 






__i 







tion with the City of Los Angeles, the City paying the field expenses, 
and the Government employing the engineers who do the work under 
directions from Washington. Mr. W. B. Clapp, Hydrographer, U. S. 
G. S. at Los Angeles, has charge of this work. It is of great value to 
the City. This same organization is making systematic analysis of 
the water of the Owens River; a chemical analysis is made once a 
week and sanitary analysis once a month. The results are all reassur- 
ing. The topographic branch of the Geological Survey has also ex- 
tended its work into the Owens Valley, and has particularly run a line 
of precise levels from San Pedro to Bishop. This data is of great 
value to the City. The work of the topographic branch of the Geo- 
logical Survey was in large part the basis upon which the first esti- 
mates as to the cost of the Owens Valley Project were built. Through- 
out this entire aflFair, the Federal Government, and particularly the 
Forestry Bureau and the Geological Survey have rendered very ma- 
terial assistance to the City of Los Angeles. 

HYDROGRAPHY, 

The Owens Valley is situated in Inyo County, California, and lies 
entirely within the boundary of this state. The northernmost point 
of this drainage basin adjoins with the Yosemite National Park. Its 
western boundary is the crest of the Sierra Nevadas, the loftiest range 
in the United States. Along this crest there are more than forty peaks 
in excess of an elevation of 13,000 feet, of which the highest is Mount 
Whitney with an altitude of 14,500 feet. The elevation of Owens 
Lake into which the Owens River drains is 3567 feet. The lake has no 
outlet. On the north and east the valley is bounded by the Inyo and 
White Mountain range, the elevation of the crest of which is over 
10,000 feet. The total area of this drainage basin tributary to Owens 
Lake is 2810 square miles. Under fJrevious geological conditions this 
river proceeded in a southerly direction into the Mojave Desert; the 
flow of the river south of Owens Lake has been interrupted by geo- 
logical changes, the elevation of this low pass being 3,710 feet or about 
143 feet above the lake level. There are no interrupting ranges of 
mountains between the Owens Valley and the City of Los Angeles 
with the exception of the coast range immediately north of the City. 
There are, therefore, two controlling summits that have to be over- 
come, that at the Haiwee Reservoir site which is accomplished by a 
diversion from the river at a point on the river about 35 miles north 
of the lake, and the other summit is on the south side of the Antelope 
Valley. Because of these controlling divides, light grades are used 
m locating the line. 
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The prevailing grade is about one foot per mile, until the coast 
range is pierced with a tunnel 26,000 feet long at Elizabeth Lake at 
an elevation of 2950 feet. In a state as rugged as California it is a 
remarkable topographic condition that will permit of such a length 
of line free from prohibitory obstacles. 

The general conditions of rainfall in California are well under- 
stood, — ^the dry season beginning about the first of April and extend- 
ing until the first of October, and the wet season from the first of 
October to the first of April. Little rain falls during the summer 
growing season. The moisture which is precipitated is derived from 
the Pacific Ocean and is carried east. It is forced over the crests of 
the mountain ranges which it encounters. The warm humid air from 
the Pacific during the winter months is chilled in passing over these 
crests particularly in the case of the Sierra Nevadas. This chilling 
process condenses the moisture in the form of snow and rain. After 
the crest of the Sierras is passed, the valleys and mountains to the 
east thereof being lower in elevation, the tendency is for the tempera- 
ture of the atmosphere to rise and precipitation ceases. The increase 
in rainfall passing from the coast to the crest of the Sierras is very 
great. Generally speaking, the average annual rainfall increases at 
the rate of from one-half to three-fourths of an inch in depth for each 
100 feet rise in elevation on the west side of the range. The rain 
storms are forced over the crest and a short distance beyond before 
a marked decrease in precipitation occurs. We therefore have in the 
basin of the Owens River a precipitation ranging from 50 to 70 inches 
on the crest of the mountains, heavy deposits of snow and rain on the 
high eastern face of the range, and a rainfall in the Owens Valley 
which averages but five inches. The precipitation in the Inyo moun- 
tains is possibly one-third the amount of that occurring on the high 
Sierras. No records are known of on these latter mountains. The 
water supply, therefore, is all derived from the eastern face and crest 
of the Sierra Nevadas. 

There is little contribution to the streams from the valley itself 
and practically nothing from the ranges to the east of the valley. 
Because of the great elevation of the Sierra Nevadas, the precipitation 
is mostly in the form of snow, great banks forming on the crests 
and in the high mountain canyons. The snow banks often consolidate 
into small glaciers or ice fields which are perpetual in their character 
and which are the permanent source of late summer stream supply. 
The cold which is consequent to the high elevation of the range pre- 
vents an extensive melting of the snow except on the lower foot hills 
during the winter months. The summer thaw extending from the 
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first of May until the first of August produces an annual flood flow 
of the streams. As this melting period is during the dry season of 
the year the streams are free from torrential floods, the annual rise 
occurring gradually and receding with equal uniformity. This is a 
natural condition which greatly increases the value of this water 
supply in that the period of greatest supply is coincident with that 
of the greatest summer demand. Reference is made to the report of 
Mr. Charles H. Lee, attached as Appendix D. for a full discussion of 
these hydrographic features. 

The total population of Inyo County including all of Owens Val- 
ley in the year 1880 was 2928 and in 1900 was 4377. The valuation 
of the entire county at the assessment made in 1906 was $2,600,000. 
This is in marked contrast to the growth of Los Angeles County, the 
population of which in 1880 was 33,381 souls and in 1905 with re- 
duced county boundaries, 375,000. The assessed valuation of the City 
alone in 1906 was $203,000,000. 

The Owens River basin drains into Owens Lake which is saline 
and has an area, according to the United States Land Office Survey of 
96 square miles or 61,440 acres. Observations of evaporation in the 
Mojave Desert show an annual loss from the water surface of 7 feet. 
This would indicate, therefore, a permanent loss from this lake of 430,- 
000 acre-feet which is equivalent to a constant flow of 594 second feet 
or 29,700 miners' inches. As the area of this lake must have adjusted 
itself between an annual evaporation and an annual inflow, it is con- 
sidered safe to assume that these figures fairly represent the mean 
annual output in water of the entire Owens River basin. The lake 
has fallen during the last few years, partly due to the irrigation uses 
of water in the valley, but in greater part because of an unusuai cycle 
of dry years. During the past two wet years, however, the lake has 
risen in elevation. 

Unless an extensive system of storage reservoirs can be found in 
a drainage basin, the output therefrom which may be relied upon is 
controlled by a group of minimum years instead of by the output of a 
group of wet, or even of average years. For instance upon a stream 
such as the San Gabriel, upon which no good reservoir sites exist, a pe- 
riod of dry years absolutely controls, and renders this a wholly un- 
reliable source.* It is not even economical to hold over in reservoirs 
situated where the evaporation is great, flood waters from wet seasons 
for a long period of years, because the great bulk of the storage ca- 



♦See page 14, where a table is given of the surplus water of the San 
Gabriel River. 
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pacity in the reservoir is always in the upper levels where the exposed 
area is greatest. The Long Valley reservoir on Owens River is at an 
elevation of 7000 feet and evaporation losses will be about 3 feet per 
annum. The fluctuation between wet and dry years is not so great as 
in Southern California and water will not have to be held for such 
long periods of drouth. This is in marked contrast with the Victor reser- 
voir site on the Mojave River where the evaporation loss is 7 feet per 
annum ^nd the drouth conditions much more prolonged. 

The United States Geological Survey began a system of stream 
measurements in the Owens Valley in the Fall of 1903. These ob- 
servations have been continued down to date and represent the only 
measurements that are available on this river. However, adjoining the 
drainage basin of the Owens River on the west is that of Kings River 
which extends from Mount Williamson on the south to Mt. Goddard 
on the North, a crest distance of 40 miles adjoining the central por- 
tion of the drainage basin of the Owens River.J The same storms 
that contribute moisture to the Owens River also contribute it to the 
basin of the Kings River. Fortunately one of the oldest and most 
accurate records of stream flow in the State of California has been 
kept on Kings River, — the State Engineering Department of California 
having made the measurements from 1878 to 1884 and the United 
States Government from 1895 to date. During the three years when 
the records were kept on the Owens River they were also being kept 
on Kings River. The discharge of Kings River during 1904 was 106 
per cent of its 16-year mean and the discharge during the year 1905 
was 73 per cent of this mean. The year 1906 was one of excessive 
stream discharge, being 210 per cent of the mean. There are but 
two years during the 16 year period of observation on Kings River 
that were drier than the year 1905. We are, therefore, particularly 
fortunate in having records on Owens River for a dry year, an aver- 
age year and a wet year. This data is fully discussed in Mr. Lee's 

report.* 

Long Valley Reservoir site is situated in the northerly portion of 

the drainage basin of Owens River. It has 391 square miles of drain- 
age area tributary to it. A dam 100 feet high above the bed of the 
stream would impound 83,485 acre-feet, an acre-foot being enough 
water to cover one acre one foot deep. A 120 foot dam would im- 
pound 160,000 acre-feet and a 140 foot dam 260,000 acre-feet. This 
latter is greater than any existing reservoir in California. The province 
of the Long Valley reservoir site would be to hold over waters from 

tSee the general map for the location of these basins. 
♦Appendix D. 
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years of excessive stream flow like 1906, for years of deficient stream 
flow such as 1898 or 1905. Its function, therefore, is purely annual, in- 
tended to meet unfavorable conditions during cycles of dry years. 
Water from the Long Valley reservoir site when liberated would flow 
down the natural channel of the river to the point of diversion from 
the Owens River at Charley's Butte at an elevation of 3814 feet. At 
this point the diversion canal would begin with an initial capacity of 
700 cubic feet per second or 35,000 miners' inches. This canal would 
be increased in capacity as it passed the various tributaries of Owens 
River until at the Cottonwood Creek crossing its capacity would be 
increased to 900 cubic feet per second or 45,000 miner's inches, li 
continues with this capacity until the Haiwee Reservoir site is reached 
sixty miles below the point of diversion. The Haiwee Reservoir with 
a dam of 75 feet in height at its southern end has a capacity of 64,000 
acre-feet. This reservoir commands all possible sources of supply and 
is near enough to the head not to require a great length of conduit of 
large capacity necessary to carry flood flow to it. 

The province of the Haiwee Reservoir site is for the regulation 
of the monthly flood flow. All ordinary floods can be conveyed to the 
Haiwee reservoir site by the large canal, and regulated to the capacity 
of the aqueduct below the Haiwee reservoir. Rclow the Haiwee Res- 
ervoir site the conduit has a capacity of 430 cubic feet per second and 
it is proposed to continue this uniformly through to a reservoir site on 
the south side of the Antelope Valley near Fairmont.* The Long 
Valley and the Haiwee Reservoir site will permit of utilizing this 140 
miles of conduit to its full capacity for the 12 months of each year. 
The Haiwee Reservoir site will also guard against breaks which may 
occur in the line above it. 

The province of Fairmont Reservoir is to insure a supply in 
spite of breaks in the line above and also to permit varying the daily 
flow in the conduit below it in order to meet the fluctuating hourly 
and daily demands for power. The Fairmont Reservoir site is at the 
head of the power line. With a dam 100 feet in height, it has a ca- 
pacity of 6,656 acre-feet or an eight days' full flow of 400 sec. feet. 
The elevation of the water surface in the Fairmont Reservoir will be 
3,025 feet. The outlet tunnel will be run from the bottom of this 
reservoir site through the crest of the coast range into the San Fran- 



♦The aqueduct is designed to deliver 400 sec. ft. net from the San 
Fernando reservoirs. The 30 sec. ft. excess capacity is to provide for evap- 
oration losses and to permit of an accumulation of water at the Fairmont 
reservoir when required. 
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cisquito Canyon. This tunnel will have a capacity of i,ooo cubic feet 
per second. Below this point it is proposed to install the power plant 
for the system.^ 

The demand for power varies with the days of the week and the 
hours of the day. The load factor, as it is called, is the ratio between 
the average continuous consumption of power and the maximum de- 
mand, which maximum usually occurs in the winter time between 5 
and 6 o'clock in the evening. At this time power is needed for both 
lighting and manufacturing. If a power plant can be designed so that 
its output can vary with this fluctuation in demand, its efficiency is cor- 
respondingly increased. In and around Los Angeles this load factor 
is approximately 32 per cent. The capacity of the conduit below the 
Fairmont Reservoir site to the power plant will be 1,000 
cubic feet per second. This phase of the situation is fully discussed 
in the report of the Board of Consulting Engineers. From the South 
end of the Elizabeth Lake tunnel to the point of diversion from the 
San Francisquito Canyon below, the fall is 1,500 cubic feet. At first 
the water will be liberated from this tunnel and allowed to flow down 
the natural channel of the canyon to the point of diversion. There- 
fore, as far as the aqueduct proper is concerned, there will be no 
construction expense in getting the water through the heart of the 
Coast Range after the tunnel at the crest is passed. This obviates a 
great expense. A small regulating reservoir will be constructed in the 
San Francisquito Canyon at this proposed point of lower diversion 
sufficient to regulate the hourly fluctuation from the power house. 
From this diversion point to the San Fernando Valley the aqueduct 
will have a capacity of 410 cubic feet per second. 

In the San Fernando Valley the water will be discharged into 
two reservoir sites. The City controls the greater portion of the land 
in these two sites. Their combined capacity is 36,600 acre-feet or 
enough to furnish a full supply from the reservoirs for a month and 
a half in case of breaks in the line above, or 50 second feet per year. 
The great value, however, of these reservoir sites, is that they will 
permit of accun;iulating water during the winter time in the San Fer- 
nando Valley and holding it for use during the following summer. The 
normal mid-summer use in Southern California is naturally from two 
to three times the normal winter consumption. These reservoirs are 
of such capacity that an aqueduct discharging 400 cubic feet per 
second or 20,000 inches for 12 months into them may have its flow 
so regulated that the discharge therefrom may be 500 cubic feet per 

- - — - - - - — — — ■ ■ - — ^ 

tSee Profile and Map Plate I. 
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second or 25,000 miner's inches during six summer months, and 300 
second feet or 15,000 miner's inches during the winter months. This 
practically permits of furnishing 25,000 miner's inches with an aque- 
duct capacity of 20,000 miner's inches. This system of storage regula- 
tion must be kept fully in mind in determining what the available water 
supply for the City is from the Owens Valley. There is a great fluc- 
tuation in the flow of the Owens River but it is not subject to vio- 
lent floods such as occur in Southern California. The statement is 
untrue that the Owens River goes dry at the point of diversion pro- 
posed by the City. No public records show this and as far as known 
no Reclamation Service Engineer has ever made this statement. Dur- 
ing the May, June and July floods caused by the melting of the snow 
there are large volumes of water which, when regulated through reser- 
voirs will permit of delivering a continuous flow such as is described 
below. These flood waves are now passing into Owens Lake and 
wasted. In addition the irrigation season in the Owens Valley is not 
over five months in duration each year. During the remaining seven 
months the elevation of the Valley being 4000 feet and cold, irrigation 
is not feasible. Therefore for seven- twelfths of the year the water 
rights which the City has not purchased are not used, beneficially at 
least, by the irrigators. It is not possible to make an absolute state- 
ment of the amount of water which a stream will yield under varying 
future conditions, or even as to the volume, exact legal rights for which 
the City has in the Owens Valley. There is given below, however, a 
statement which is as accurate as can be made from an engineering 
standpoint. It is not the province of your engineer to determine what 
the legal rights are. 

For a period of eleven years Mr. J. B. Lippincott was in charge 
of all the stream measurements and studies of hydrographic data 
in the State of California for the United States Geological Survey. He 
has given the question of available water supply from the Owens Valley 
careful study in collaboration with Mr. Charles H. Lee, whose report 
is given as Appendix D. in full. Mr. Lee was an hydrographer in the 
United States Geological Survey and resigned from that organization 
to accept a position with the City of Los Angeles. He was detailed to 
study these hydrographic conditions and his report is believed to be 
accurate and his conclusions reasonable. Mr. James D. Schuyler of 
the Board of Engineers, was, between 1878 and 1885, connected with 
the California State Engineering Department and detailed to the 
study of California streams. Mr. John R. Freeman of the same 
Board has also made careful study of this subject in California prior to 
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his work for the City of Los Angeles. This Board of Engineers 
reports :* 

"After a study of all these measurements, and of the computa- 
tions which have been made, we are in agreement with the report sub- 
mitted to us by the engineers of the Los Angeles Aqueduct that 410 
cubic feet per second of water can be depended upon with the regula- 
tion of the Haiwee Reservoir alone in years similar to those in which 
measurements have been made upon the Owens River, and that with 
the further aid of the Long Valley reservoir the 410 cubic feet per 
second of water can be depended upon in years as dry as any that have 
occurred upon the adjoining watersheds in the past sixteen years. 

"We have not thought it necessary to attempt to determine just 
how much water has already been acquired by the City of Los An- 
geles, but from the information given us, it is plainly a large proportion 
of the quantity above named and sufficient for all probable needs for 
several years after the completion of the aqueduct. Moreover, it is 
expected that additional water-rights will be obtained before the com- 
pletion of the aqueduct." 

The City has acquired, by purchase, water rights aggregating 
about 15,000 inches, based upon appropriations by its predecessors on 
the river and tributary streams. These rights are for the use of water 
during the irrigating season, and from careful measurements will 
yield, during such seasons, to the City a continuous flow during normal 
years, of about 11,000 inches. In addition to these rights, the City 
has acquired practically the entire river frontage from the intake to 
Owens Lake, a distance of nearly fifty miles. As riparian owner of all 
of such lands, the City would have the right to divert winter waters 
which flow during the non-irrigating season, and also the right to regu- 
late the flood waters through its reservoir system below the point of 
intake. Combining these summer irrigation waters with the winter 
flow, and by so regulating the flood waters, the City would receive dur- 
ing normal years, a mean annual flow of from 15,000 to 20,000 inches. 
With 240,000 acre feet storage at Long Valley, the net supply that may 
be delivered in all years from these rights is estimated at 400 second 
feet or 20,000 inches. 

In 1898 Kings River flowed but 46 per cent of a 16 year mean. 
This was a most unusual record, the next lowest year being a 71 per 
cent year; making a ratio between 1905 and 1898 would indicate the 
total output from the valley for the year 1898 of 278 second feet, 
showing a deficit of 144 second feet. This indicates the necessity ulti- 

*The Report of the Board of Engineers is given in full as Appendix £. 
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mately for the construction of the Long Valley Reservoir site for an 
annual hold over to meet such a contingency, provided we should en- 
deavor on such extreme cases to deliver a full supply. Deficits of this 
sort have been met on more than one occasion under many of the 
water systems of Southern California, without vital loss. The condi- 
tions during such a year may be met partially by pumping from the 
gravel beds in Owens Vblley. 

Mr. Lee concludes his hydrographic study as follows: 

"The complete system of reservoirs and conduits which is to be 
known as the Los Angeles Aqueduct will consist of (i) the Long 
Valley Reservoir at the head of the Owens Valley with a 140 foot dam, 
(2) the channel of the Owens River to Charley's Butte, (3) sixty 
miles of canal and conduit of capacity varying from 700 to 900 second 
feet, (4) Haiwee Reservoir with a 75 foot dam at the lower end, (5) 
140 miles of conduit of 410 second feet capacity, (6) Fernando Reser- 
voir No. I, of 15,940 acre-feet capacity with a 120 foot dam, (7) 
Fernando Reservoir No. 2 of 20,660 acre- feet capacity with a 130 
foot dam. "The supply will consist of the Owens River at Charley's 
Butte as regulated by the Long Valley Reservoir plus that of all springs 
and streams from Taboose to Ash Creeks* inclusive, or its equivalent. 
This system will be adequate to deliver from the lower end of Fer- 
nando Reservoirs a continuous flow of 400 second feet under the most 
adverse conditions with the possible exception of a dry period of two 
or more consecutive years, which may occur once in fifty years." 

QUALITY OF THE OWENS VALLEY WATER. 

The Board of Engineers finds that '*the Owens River water is 
much softer than the water now supplied to the City, which contains 
from two to three times as much dissolved mineral matter as the waters 
of Owens River. Our examination of the streams in the Owens Valley 
showed that the creeks coming from the Sierras furnished water which 
is clear, colorless and attractive ; the water in the river being made up 
of the combined flow of these creeks is of similar character, but has a 
slight turbidity and stain owing apparently to drainage from the 
marshes in Long V,alley and to other return water from the canals and 
irrigated lands. This feature would make the water somewhat objec- 
tionable if it were to flow directly from the river into the City pipes; 
and it has little or no significance in the present instance where the 

♦Tributaries entering below Charley's Butte 
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water, after being taken from the river, is to be held for a long time 
in a large storage reservoir where the particles which produce 
the turbidity will have time to settle. The long period of storage in 
the reservoir will also be an important safeguard against the trans- 
mission of disease germs should any enter the water of the river, be- 
cause it has been found, both by experiment and experience, that dis- 
ease germs are all or neariy all destroyed, where the water is held 
sufficiently long in the reservoirs." 

LAND AND WATER PURCHASES. 

Under the heading of historical sketch, the method of procedure 
in acquiring rights in the Owens Valley was referred to. The effort 
has been made on the part of the City to purchase all lands riparian to 
the Owens Riter from the north line of Township lo South, Range 34 
East, M. D. M. (which is ten miles north of the proposed point of di- 
version) to Owens Lake. The City has also filed under the state law 
on all surplus water in Owens River at the diversion point and on all 
tributaries south of the diversion point, as well as on the main river 
at the Long Valley reservoir site. The California court's rulings as to 
the relative rights of apropriators of water, as against lower riparian 
owners, are not entirely clear, consequently the purchase of these lower 
riparian lands was considered desirable. With very minor exceptions 
the City now owns all of the riparian lands on both banks of the 
Owens River from the diversion point to the Owens Lake, and Owens 
Lake has no outlet and is saline. Purchases have also been made of 
lands riparian to the tributary streams entering the valley from the 
diversion point south and also of lands having water rights on these 
tributary streams. 

A large map has been prepared, showing all lands owned by the 
City of Los Angeles in the Owens Valley. This map is too large to be 
included in this report. It is, however, an official document and may 
be inspected at the office of the Chief Engineer. The largest of all the 
purchases that have been made is that of the Rickey Ranch, which ex- 
tends from Big Pine in a fragmentary way as far south as Inde- 
pendence. The City has acquired 22,670 acres by this purchase, and 
the Long Valley reservoir site. 

A purchase was made from Mr. Charles A. Collins of 4,720 acres 
of land, including a two-thirds interest in the irrigation canal known as 
the A. O. Collins Ditch. This purchase included 275 inches of water 
in the Dell Ditch, and also the Warm Springs, which carries a water 
right of about 100 inches. The price of this property was $80,000. 
Measurements by the United States Geological Survey, during the 
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year 1904, show a maximum discharge of the A. O. Collins canal 
of 43.1 cubic feet per second, or 2155 niiner's inches. The total area 
of the lands purchased in the Owens Valley to date, including the 
Long Valley reservoir site, is 70,951 acres. The following additional 
purchases were made: 

Swartout Reservoir 2040 acres. 

Fernando Reservoir 198 acres. 

Fairmont Reservoir 10 acres. 

Tehachapi cement lands 3382 acres. 

The grand total area of all lands purchased and contracted for is 
76,581 acres, at a total cost of $1,140,000 in round numbers for land 
and water rights, including deferred payments not yef due, or at the 
rate of $14.89 per acre. Appendix F gives a list of all lands purchased. 

On July 15, 1903, the Secretary of the Interior, acting under the 
terms of the Reclamation Act, withdrew under the first form of with- 
drawal, all public lands along Owens River in Mono County, from 
Long Valley to Round Valley. This includes all public lands in the 
Long Valley Reservoir site, and along the canyon of the Owens River, 
where a 3,000 foot fall occurs in the stream. Under this form of with- 
drawal, no public lands can be taken up in any manner except by 
special permission of the Secretary of the Interior. This was done 
in order to protect for the Reclamation Service the Long Valley Reser- 
voir site, and to prevent power developments on the river below tfie 
reservoir site in such a way as might interfere with the utilization of 
that site by the Government. On August loth and August 20th, igiCQ, 
the Secretary withdrew under the second form of withdrawal, all 
public lands in the Owens Valley from a point south of the lake to the 
Mono County line. Under this form of withdrawal, public lands cai- 
not be taken up except under the Homestead Act, or under certain 
special permits granted by the Secretary of the Interior. These with- 
drawals are still in force, but these lands will probably be restored to 
the public domain when the Secretary decides to withdraw formally 
from the Owens Valley Project. These withdrawals have been of 
great value to the City of Los Angeles, in that they have largely pre- 
vented during the last four years, the extension of private holdings 
in the Valley, or the taking up of public lands in the Long Valley 
Reservoir site. 

Under the Act of Congress of June 30, 1906, granting rights of 
way to the City of Los Angeles (See Appendix C), provision is made 
for the purchase of public lands in reservoir sites in the Owens Valley, 
the City being given the preference in these purchases, subject to 
valid existing rights. 
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Acting largely on the request of the City of Los Angeles, Mr. 
Gilford Pinchot, Chief of the Forestry Bureau, has extended the 
boundaries of the Sierra Forest Reserve well down into the Owens 
Valley from the west and so as to include the greater portion of the 
drainage basin above Bishop. This forest reserve will permanently pre- 
vent the taking up of public lands therein in this district. These forest 
reserve boundaries have also been temporarily extended so as to include 
all of the drainage basin of Owens River north of Owens Valley, and 
also all the lands in the Owens Valley from Big Pine to the Haiwee 
Reservoir site. The City has requested this extension because when 
the restorations are made by the Secretary of the Interior of lands with 
drawn under the Reclamation Act, the City could not prevent filings 
on these lands by individuals, and as there is a great deal of public land 
in the Owens Valley, this would lead to annoyance and expense to the 
City, particularly in connection with the filings that might be made on 
the lands riparian to the tributary streams. The extension of the forest 
reserve boundaries will conserve both the quality and the quantity of 
water available from the reserve. The Bureau of Forestry through- 
out the entire period when the city was considering this project, has 
repeatedly aided the City in this enterprise. 

In order to further aid the City, President Roosevelt, by an Exec- 
utive order, has withdrawn all public lands along the Owens River 
and along the line of the aqueduct which would be of particular strate- 
gic importance to the City, pending the time when the City could file 
its Right of Way maps as required by law and the regulations of the 
Department. The purpose of this was to prevent speculators from 
filing on lands which would be of importance to the City in its enter- 
prise. The total area ordered withdrawn by the President amounted to 
298,880 acres. As our surveys have progressed, it has been found 
that certain of these lands were not essential, and the City has sug- 
gested the restoration of 55,680 acres. There still remain withdrawn by 
Executive order for the benefit of the City, 243,200 acres. Under the 
Act of Congress of June 30, 1906, providing for the acquiring of 
rights of way over public lands by the City, provision is made for the 
filing of certain rights of way maps within two years from the time 
of the passage of the Act. On January 25th, 1907, the first Right of 
Way application was filed with the U. S. Land Office by the City of 
Los Angeles. This specifically covers all public lands on the right 
of way from the point of diversion to the San Fernando Valley. 

The Southern Pacific Railroad Company, through its land grants, 
either owns or claims alternate sections of land extending from a point 
near Freeman, practically through to the San Fernando Valley, or over 
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lOO miles of the route. Negotiations have been conducted with the 
Railroad Company for obtaining rights of way over these railroad 
lands, and assurances have been received from railroad officials having 
proper jurisdiction, that these lands for right of way purposes will be 
sold to the City at the rate of $5.00 per acre. A preliminary deposit 
has been made of $500.00 as evidence of good faith on the part of the 
City in making its application. Approximately 1,000 acres will be 
involved in these right of way purchases. 

ORGANIZATION OF WORK. 

The Board of Public Works assumed office on March ist, 1906. 
Prior to that time the administration of the affairs of the Los Angeles 
Aqueduct was conducted by the Board of Water Commissioners. 
Under the conditions of the revised Charter, the Water Board has 
jurisdiction over the Water Works as built and over funds derived 
from water rates. They also have general authority to purchase lands 
and water rights, and to make extensions and betterments. The Board 
of Public Works, however, has charge of all expenditures of money 
derived from the sale of municipal bonds, and as the Los Angeles 
Aqueduct is to be built from the kale of bonds, the Board of Public 
Works becomes the official governing body. However, because of the 
great public confidence in the Board of Water Commissioners, and 
their knowledge of the subject involved, the Board of Public Works 
has always freely p<insulted and co-operated with the Water Com- 
missioners, and all important actions involving the determination of 
general policy have been taken as the result of joint conferences of 
these two Boards. An Advisory Committee has been appointed by 
these two Boards to handle the details of current affairs as they pre« 
sent themselves. This Advisory Committee consists of the president 
of the Board of Public Works, president of the Water Board, the 
chief engineer, the principal assistant engineer of the Aqueduct, and 
the attorney for the Aqueduct. This Committee holds sessions on 
Tuesday and Thursday of each week at their office in the Union Trust 
Building. They only make recommendations to the Board of Public 
Works. The action of the Board of Public Works is necessary. 

The Charter places the appointing power, as well as the contract- 
ing power, in the hands of the Board of Public Works, but the selec-^ 
tion of men to fill positions on the Aqueduct is through the Civil Ser-^ 
vice Commission, with the exception of a (EKsbursing Agent, who is 
exempted under the provisions of the Charter. The Charter, as amend-^ 
ed on February 7, 1907, provides for the creation of the position of Dis« 
bursing Agent, and the payment by him of duly authorized bills out- 
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side of the City. The Board of Public Works has the right to enter 
into contracts and order bills paid. Provision is furthermore made 
for exemptions from the Civil Service rules, of such positions as are 
recommended by the Board of Public Works, approved by the Council 
and by the Civil Service Commission. Up to the present time, March 
15, 1907, no other exemptions have been made, although certain ex- 
emptions have been requested by the Board of Public Works. Ap- 
pendix G is a definition of the powers of the Board of Public Works 
by the City Attorney. 

The Chief Engineer of the Aqueduct, Mr. William Mulholland, 
is also the superintendent, engineer and manager of the Los Angeles 
City Water Works. Mr. Mulholland has been employed by the Los 
Angeles City Water Works since the year 1878. He assumes his new 
duties, therefore ,with a training and knowledge of his position gained 
from twenty-eight years' service with that Department. 

The Attorney for the Aqueduct, Mr. W. B. Mathews, served as 
City Attorney for three terms, from 1900 to 1906, inclusive. He had no 
opposition for his last election. Dillon & Hubbard, Attorneys, New 
York City, who are the leading experts in legal matters relative to 
municipal bonds, are engaged as counselors of the Aqueduct. The 
Accounting Department has been placed under the charge of Mr. W. 
M, Nelson. This Department is considered of great importance, not 
only in auditing and inspecting the accounts originally, but also in 
keeping records of the cost of various units of the work. Mr. Nelson 
was an "auditor of disbursements" with the Southern Pacific Com- 
pany. In this capacity his duty was to originate and check construc- 
tion accounts throughout the system, and particularly to initiate sys- 
tems of accounts for affiliated enterprises. Mr. Nelson came to the 
service of the Aqueduct with high recommendations from his superior 
officers in the Southern Pacific Company. His services were sought by 
the City. Mr. George Bugbee, who was auditor for the construction 
of the Harriman lines in Mexico, was engaged in an advisory capacity 
to assist in the installation of the system. The accounting system that 
has been adopted is the one used by the Harriman railroad systems and 
ten other railroad companies in the United States, and has been lately 
adopted by the Panama Canal Commission. Wherever an article is 
subject to competition, bids are obtained. The system of accounting 
is complete, and is in no sense an experiment. 

At present there are three fully equipped locating parties en- 
gaged in surveying the route of the Aqueduct — one party engaged in 
railroad surveys, and an office force maintained at 1109 Union Trust 
Building. A commissary department has been started at Mojave, where 
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a stock of supplies is kept, upon which requisitions are drawn by the 
field parties. A construction camp is maintained in the Owens VaUey, 
at work on the main canal. The cement quarries are being opened. 
The disbursing department has not yet been organized. Bills are being 
paid through the City Auditor and the City Treasurer. 

SURVEYS. 

A line of precise levels is being run from Los Angeles to the in- 
take, with an instrument such as is used by the Coast Survey and the 
Geological Survey on this class of work. This work is being done by 
Charles H. Lee, who was first detailed to spend several days with one 
of these Government precise level parties. Permanent iron bench 
marks will be set along the line of the Aqueduct. A preliminary anjg^e 
transit line with Wye levels has been run from the point of diverrioo 
on the Owens River along the line of the Aqueduct by way of Mojave, 
to the eastern end of Antelope Valley at Pabndale, and thence via two 
long tunnels to the Tujunga. Another line has been run from a junc- 
tion with the first line south of Fairmont, near Elizabeth Lake, via San 
Francisquito to Fernando. This latter line shortens the length of 
aqueduct some twenty miles, and very materially reduces the cOBt of 
the work. Instead of two six-mile tunnels through the range near 
Acton, we now have one tunnel five miles in length near Elizabeth 
Lake, with the opportunities for a shaft to be put down to grade mid- 
way. Many trial routes have been run for the rougher portions of the 
lines. Detail topography has been taken for the entire line, and txair 
vation quantities have been computed therefrom. Land lines in matiy 
instances have been restored and connected with for rights of way. 

The Board of Engineers, in preparing their estimate, used the 
route by way of Elizabeth Lake. 

The aggregate length of theAqueduct , as estimated by the Board 
of Engineers, is summarized as follows : 

Miles. Per Cent. 

Conduit, unlined canal 22.20 9.9 

Conduit, lined with rubble masonry or 

concrete 164.23 72.7 

Tunnels, in rock 18,24 8.1 

Tunnels, in earth 10. 11 4.5 

Siphons of steel pipe, crossing canyons. .8.99 4.0 
Steel fltunes, crossing shallow and nar- 
row depressions i .80 0.8 

Total 225.87 loo.o 
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The total number of miles of line surveyed to date is 709. Topo- 
graphic survey has been made of the Haiwee reservoir and dam site, 
of the Fairmont Reservoir, of the Llano Verde Reservoir, and of four 
reservoir sites in the San Fernando Valley. Surveys have also been 
made for the installation of a power plant on Division Creek. 

The Board of Engineers recommended modifications in the grade 
from the Haiwee Reservoir site to the Fairmont Reservoir site. This 
calls for a resurvey of the line between these two points, a. total distance 
of 146 miles. These changes were made because the Board was op- 
posed to the construction of steel pressure pipes across ravines or de- 
pressions, where they could be avoided. The change in elevation restilt- 
ing will vary from a few feet to a maximum of 100 feet at Fairmont 
The engineering parties are now engaged in these surveys, of which 
55 per cent, had been completed on March i. Changes in the line 
will undoubtedly continue as the knowledge of the country increases, 
until the actual construction work begins. It was not until after the 
Board of Consulting Engineres had arrived on the ground, that sur- 
veys of the entire line were connected, so as to permit of a compre- 
hensive study of the line as a unit, hence the extensive modifications in 
grade that were adopted. Further material improvements, looking 
towards the shortening of the line and the cheapening of the work, will 
be made. The length of the line^ probably will be reduced ten miles 
from the figures used by the Board of Engineers. 

CONSTRUCTION. 

About $1,000. a month has been spent on construction work in 
the Owens Valley during the last eight months. The main canal has 
been opened for a distance of five miles, and partially graded, 66,084 
cubic yards of earth having been moved to date. About six miles of 
wagon road have been built along the proposed line of the Aqueduct, 
oil the west shore of Owens Lake. Arrangements are being maide to 
install a power plant on Division Creek in the Owens Valley, for the 
purpose of obtaining electric energy for construction work. A right 
of way map has been filed with the United States Land Office for this 
power plant. Bids have been received for the installation of a pressure 
pipe, 5100 feet long, to develop 400 feet of head. Bids are now being 
called for the hydro-electric machinery for the power plant. They will 
be opened on March 15, 1907. Plans have been prepared for the erec- 
tion of a hydraulic dredge, to be used in building the first twenty miles 
of conduit from the diversion point to the Alabama Hills. The total 
estimated cost of this power plant and dredge is $26,120. A crew of 
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miners have been employed and are at work opening up the lime- 
stone quarries for the cement plant at Tehachepi. 

RAILROAD SURVEY. 

The railroad situation has been studied. A preliminary survey 
has been made over the difficult portion of the line, from the mouth of 
Jawbone Canyon over the Red Rock summit, and a three per cent 
grade has been located. Mr. T. B. Downer, a railroad engineer of cx- 
pejrience, has been assigned to this work. The estimates clearly in- 
dicate that there will be marked economy in building a railroad for 
the purpose of hauling freight for the Aqueduct. Moreover, it is 
doubtful whether a sufficient ntunber of animals could be obtained to 
freight the material that is required for construction by wagon,* The 
figures indicate that a construction road can be built on or near the line 
of the Aqueduct — using light rails and rolling stock, material handled 
over the road, and after the construction, the road torn up and sold for 
second-hand junk, operating and fixed charges being paid — for a cost 
of ten cents per ton mile of freight handled. The wagon freight would 
amount to about twenty cents per ton mile. The total number of ton 
miles to be handled is estimated at approximately fourteen millions, 
from the west end of Antelope Valley to the southern end of Owens 
Lake. We wish to avoid the construction of this railroad by the City 
for the following reasons : 

Firgt, in order to avoid the additional amount of work requisite for 
the construction and operation of the road; second, it is believed that 
an organized railroad corporation, actively engaged in railroad work, 
can build this road more quickly and economically than the City could; 
third, the City Charter would not permit of the municipality entering 
into a general transportation business, outside of the hauling of City 
material and equipment for construction purposes, and as there is a 
large area of agricultural and mining country in the Owens Valley and 
easterly thereof, in the desert region, which should naturally have its 
outlet to Los Angeles, it would be to the interests of this City to have a 
railroad company in the commercial transportation business build this 
line, so that Los Angeles may enjoy the benefits of this trade. At 
present Owens Valley and the surrounding regions are almost unde- 
veloped because of very defective transportation facilities; the freight 
therefrom going by a circuitous route over a narrow gauge railroad, 
over two summits 7,000 feet high, to San Francisco, a distance of 600 
miles. If it came townards Los Angeles, the distance to a market would 
be reduced to 230 miles, with a down-hill haul. 

♦Appendix H gives a study of the transportation situation by W. S. Post 
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Because of these conditions, negotiations have been taken up with 
the Santa Fe and Southern Pacific Railroad Companies, both of which 
enter Mojave, suggesting that they construct the road with a view of 
handling the traffic that the aqueduct would have to offer. Full report 
of these negotiations has been made to the Board of Public Works by 
the chief engineer. 

Negotiations have also been taken up with both the Santa Fe 
and Southern Pacific Companies, requesting that special freight rates 
should be given to the City of Los Angeles for the Aqueduct work, 
similar to the concessions granted to the Reclamation Service for the 
construction of Federal irrigation projects. It is permissible under 
Federal laws that such special rates be given to municipalities. Very 
satisfactory progress has been made in these negotiations. The Cali- 
fornia Legislature passed an Act in March, 1907, authorizing any 
incorporated city to construct and operate any works, railroad, power 
plant or other necessary works for the preparation, manufacturing, 
handling or transporting of material or supplies required in the 
construction of any public work, and to acquire by purchase or con- 
demnation, lands or other necessary property for said purposes. This 
Act is given as Appendix M. 

CEMENT MILL. 

Application was made by the Chief Engineer to the Secretary of 
the Interior, requesting that Mr. E. Duryee, cement expert of the 
Reclamation Service, be detailed to study the cement investigation 
along the Aqueduct. The Secretary permitted Mr. Duryee to devote 
one-half of his time to the City of Los Angeles, and arrangements of 
this nature were entered into with Mr. Duryee last October. Lime and 
clay deposits were found near Mojave. The Cuddeback Ranch, con- 
taining 3000 acres, upon which the clay is found, has been purchased. 
Options have been secured upon the limestone. Mr. Duryee's report 
on the cement situation is given as Appendix I. He estimates that the 
cement mill can be constructed for $302,363, exclusive of the price of 
the land. The Board of Engineers estimated that 1,300,000 barrels of 
cement will be required. The cost of the mill, distributed over the out- 
put of cement, is 23 cents per barrel. The cost of the mill has been 
considered separately by the Board of Engineers. Mr. Duryee esti- 
mates that the cost per barrel for the manufacture of the cement, exclu- 
sive of the cost of the plant, will be $1.00; the capacity of the mill to 
be 1000 barrels per day. 

The materials have not only been tested chemically, but a small 
kiln has been erected in Los Angeles, and a burn of the materials made. 
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A 28-day test shows a breaking strength of the neat cement of 870 
pounds, and with a mixture of one of cement to three of sand, of 550 
pounds. The results of the tests have been satisfactory and have demon- 
strated that superior Portland cement can be made with the materials 
available. Mr. Duryee finds that the location is admirably suited to the 
manufacture and delivery of cement midway of the conduit line. The 
City will not exhaust the deposit of clay and limestone, and it is thought 
that the plant at the end of the construction will be worth almost as 
much as it cost the City. 

POWER PLANTS. 

Particular reference is made to the portion of the Report of the 
Board of Engineers relative to the development of water power. The 
most important site is in the San FrancisquLto Canyon, about forty- 
five miles from the City of Los Angeles. A total drop of nearly 1500 
feet is available at this point. Another minor site for power develop- 
ment may be found a short distance below the end of the Aqueduct, in 
the San Fernando Valley. Another opportunity for power develop- 
ment occurs near Little Lake, 150 miles northerly from Los Angeles, 
where a fall of 270 feet can be obtained. The average continuous out- 
put of power with a complete water supply from these plants is esti- 
mated by the Board of Engineers at 49,000 H. P. The Fairmont 
Reservoir site at the intake of the main plant will permit of the water 
being liberated for this power as the demand occurs in the City. The 
water may be conserved for this purpose during legal holidays and 
nights, and liberated during working hours in such a way as to meet 
the demands. This the Board estimates will permit the City to enter 
into contracts for a total output of 93,000 H. P., measured at the 
point of delivery in hours of greatest demand. 

The Board finds that the conditions for the economic development 
and maintenance of power are very favorable, and its safety against 
interruption or diminution by drouth, and the permanent character of 
the aqueduct, tend to make the power development feature particularly 
attractive and valuable. Mr. E. F. Scattergood, an electrical engineer 
of extended experience in the construction of hydro-electric power 
plants in Southern California, has made a detailed estimate on the cost 
of installing the power plants, and his report is attached as Appen- 
dix J. 

The proposed plan is to build the Aqueduct for the purpose of 
supplying water for municipal purposes, and after its completion, if the 
citizens of Los Angeles consider it desirable to install these power 
plants, they may subsequently be built as independent works. The 
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installation of power has not been included in the Aqueduct estimates, 
because the power situation is considered as wholly independent of the 
proposition of supplying water, and should stand on its own merits. 

BOARD OF ENGINEERS. 

At the time the preliminary bond issue for $1,500,000 was sub- 
mitted to the people of Los Angeles in September, 1905, the Board of 
Water Commissioners promised to employ hydraulic engineers of 
national reputation to pass on the plans and cost of this project. In 
accordance with this agreement a Board of Engineers consisting of 
John R. Freeman, Frederic P. Stearns and James D. Schuyler were 
so employed. Mr. Stearns at that time was Chief Engineer of the 
Metropolitan Water Board, which has constructed and is now operat- 
ing the water works for some twenty towns around Boston Bay. He 
was President of the American Society of Civil Engineers, Consulting 
Engineer of the Panama Canal, and Consulting Engineer on the ad- 
ditional water supply for the City of New York. Mr. John R. Free- 
man is a past President of the American Society of Mechanical En- 
gineers, Consulting Engineer for the additional water supply of the 
City of New York, former Consulting Engineer for the Metropolitan 
Water Board, and lately appointed Consulting Engineer for the Pan- 
ama Canal. It was considered particularly desirable to employ some 
Western Engineer who was familiar with the cost of work in the 
Southwest, and particularly with conditions in Southern Cali- 
fornia. Mr. J. D. Schuyler was Assistant State Engineer for Cali- 
fornia from 1878 to 1882. He built the Sweetwater and Hemet Dams, 
and has been connected as a consulting engineer with the construction 
of many important domestic and irrigation water works in arid Amer- 
ica and in the Hawaiian Islands. He has been Vice-President of the 
American Society of Civil Engineers, and is a member of the Institute 
of Civil Engineers of London. He was engaged for the City of Los 
Angeles in practically all of the litigation during the last ten years rela- 
tive to the 'acquisition of the Water Works for the City and for the 
protection of its water rights. 

The appointment of this Board was the result of long delibera- 
tion, and their selection was made unanimously at a joint meeting of 
the City Council, Board of Water Commissioners, Board of Public 
Works, Merchants' and Manufacturers' Association, Municipal League 
and the Chamber of Commerce. Probably no stronger aggregation of 
hydraulic engineers was ever employed on the Pacific Coast. The 
Board convened in Los Angeles on November 14, 1906, and was contin- 
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uously engaged in reviewing this work until December 22. Prior to 
that time Mr. Schuyler made two trips over the line of the Aqueduct, 
and Mr. Freeman made one preliminary visit to the City. Eight days 
were spent by all on the examination of the line in the field, and the bal- 
ance of the time was spent on plans and estimates. 

They estimate the cost of the Aqueduct proper as $i8»22l,30a 
After adding for railway^ cement plant and other accessories, indnd- 
^S ^5 per cent for contingencies, they reach a total of $23,iiq»700; 
and they further add, "for land and water rights, and for all legal and 
other expenses connected with their acquisition, from estimates pre- 
sented by Messrs. MulhoUand and Mathews, including wliat taai 
already been expended, we add $1,375,000, making a total of $24^5,- 
600.* They report the quality of the water satisfactory. The Boa^ 
designed sections of the conduit on most conservative lines, and based 
their estimates thereon. Their estimate is given in detail in their re- 
port attached hereto as Appendix E. They estimate the time necessary 
for construction after the sale of the bonds as five years. No insur- 
mountable engineering difficulties were found. The report concludes: 

"We find the project admirable in conception and outline, and full 
of promise for the continued prosperity of the City of Los Angeles." 

FINAL COMPLETION OF THE SYSTEM. 

The Aqueduct as planned by the Board of Engineers with the water 
rights now owned by the City is adequate to deliver to Los Angeles 
a large proportion of the 400 second feet (20,000 miners' inches) above 
named, "sufficient for all probable needs for several years after the 
completion of the Aqueduct." It would be obviously unwise for the 
City at once to pile the cost of works that were not immediately nec- 
essary for the operation of the Aqueduct, on to the present cost of 
building the portion which is now essential. These additional works are 
left to be supplied as the demand for water approaches the total supply 
available. These extensions and betterments should be paid for from 
the earnings of the Aqueduct itself, in a similar way to the present 
policy of the City Water Department. The Board of Water Commis- 
sioners have abundantly demonstrated their ability to finance enterprises 
in this manner. During the year ending November 30, 1906, they added 
46.68 miles of pipe lines to the water works system in Los Angeles, one 
large pumping plant, and one reservoir with a capacity of fifty million 
gallons, 5,968 new connections, 230 fire hydrants, 6,978 meters and 

♦This total is for all work and is inclusive of the $1,500,000 previously voted. 
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sundry other betterments, paying for them from the water revenue 
fund and expending thus a total of $697,042.68 in one year. 

The Aqueduct will be so constructed that it may be covered pro- 
gressively as funds are available after its completion. The arguments 
that are so potent for the covering of aqueducts in the East on account 
of pollution, do not obtain with equal force in a desert region such as 
that traversed by the Los Angeles Aqueduct, which is practically de- 
void of human habitation and where little animal life is found. Sixteen 
and six-tenths per cent, of the total length of line is in tunnel and pipe 
line, and is therefore to be immediately covered. Below is given an 
estimate for covering the remaining portion of the Aqueduct from the 
Alabama Hills in the Owens Valley south to the Fernando Valley, and 
of building the Long Valley dam, the Fairmont dam and two dams in 
the San Fernando Valley. This will complete the Aqueduct. 

ESTIMATED COST OF BUILDING ADDITIONAL 
STORAGE RESERVOIRS AND COVERING 

THE AQUEDUCT. 

Extra Cover from Alabama Hills, south 97.8 miles. $1,1 80,000. 

Fairmont Dam 150,000. 

Fernando Dam No. i 530,000. 

Fernando Dam No. 2 360,000 

Long Valley Dam 560,000. 

$2,780,000. 
15 per cent for Engineering and Contingencies. 417,000. 

Total $3,197,000. 

The installation of the power plants in the San Francisquito Can- 
yon, including all necessary hydraulic and electrical work, for about 
75 per cent, of the total power available from the complete Aqueduct, 
and its delivery at sub-stations in Los Angeles, is a separate matter, and 
is estimated upon as $4,494,000. 

PIPE LINE. 

The advisability of building a pipe line with a capacity of 5,000 
inches from the Owens River to the City of Los Angeles has been 
suggested. Despite the fact that 6,978 meters were added to the water 
system in Los Angeles during the year 1906, the increase summer con- 
sumption was 154 miner's inches for that year. The percentage of con- 
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nections metered increased from twenty to thirty-one during that period, 
so that, while there was a great addition to our population, the per 
capita daily consumption was reduced. The most wasteful consumers 
have now been metered, and the present per capita rate of 144 gallons 
daily may be considered as well-nigh the most economical use that may 
be expected. If our population continues to increase at the present rate 
of 30,000 annually, with a summer conusmption of 150 gallons per cap- 
ita daily, this would call for an additional annual increment to our water 
supply of 350 inches. The necessity of our suburban towns is even 
greater than Los Angeles, and their growth is being retarded by their 
deficient water supply. It would be safe to assume that the demands 
in this entire area would be for 500 inches of water additional annually. 
At this rate, 5000 inches would be sufficient to meet the demands of this 
locality for a period of ten years. One of the controlling factors in 
the location of the Owens Valley Aqueduct is the difficulty of tunnel- 
ing through the crest of the coast range north of Saugus, and on the 
south side of the Antelope Valley. The less the fall or grade of a 
conduit, the slower the velocity and consequent discharge. The larger 
the conduit with any fixed grade, the higher the velocity and discharge, 
provided other conditions are similar. From the intake until the crest 
of the Coast Range is passed, every possible saving in grade is made in 
locating the Aqueduct. 

South from the crest of Elizabeth Lake to the San Fernando Val- 
ley, the fall is 1,700 feet, and here power will be developed. North of 
the summit, at Elizabeth Lake, the prevailing grade is about one foot 
per mile and seldom exceeds two and one-half feet per mile. The 
conduit is about fourteen feet wide and eight feet deep, and has a 
capacity of 430 second feet. A riveted steel pipe on these grades, hav- 
ing a capacity of 100 second feet (5,000 miner's inches), would vary 
from eight and one-half to six feet in diameter, and would cost about 
$21,800,000. The diameter could be decreased by increasing the 
grade, but this in turn would involve lowering the south end of the 
line in the Antelope Valley. This would materially increase the length 
of the longest tunnel, which will be under the crest of the Coast Range. 
Even if the grade were increased to 4.2 feet per mile, which is about 
the greatest possible, the pipe still would have to be fully six feet in 
diameter and would cost about as much as the concrete conduit. The 
possible power development would be reduced over 75 per cent., be* 
cause there would be but one-fourth the amount of water and the in« 

creased grade of the pipe line would leave less fall for water power. 
The construction of tunnels would not be avoided by substituting a pipe 
line for an Aqueduct, and these tunnels are the most expensive con- 
struction. They fix the length of time required to complete the work 
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BOND ISSUE. 

It is a ground for congratulation that the City Council has con- 
cluded to submit to the people the question of authorizing at once the 
entire bond issue of $23,000,000. It will be desirable to enter into a 
number of long time contracts for the driving of the long tunnels. The 
contractor who is given long-time contracts for the excavation of the 
canal or its lining, can afford to buy much more complete equipment 
In order to enter into these long-time contracts it will be necessary 
that the funds will be available throughout a term of years, for the 
payment of the city's liabilities. 

In starting a great work of this kind, a very large percentage of 
the expenditures must be put into equipment and organization ; so that 
with, say, 50 per cent, of the funds expended, it very seldom follows 
that 50 per cent, of the work will be performed. After the organiza- 
tion and equipment has been assembled, the latter part of the work 
should go with relatively greater rapidity and smaller expense. It is 
frequently difficult to make this plain to those unfamiliar with works 
of this kind, but anyone connected with large construction enterprises 
will fully appreciate this condition. 

A diagram is presented herewith (Figure i) showing the rate of 
growth of the City of Los Angeles from 1880 to date. The increase 
is remarkable and probably as rapid as that of any city in the Union. 
In 1880 the population was 11,093; ^^ ^890 it was 50,395; in 1900 it 
was 102,479, and in 1906, as indicated by the school census, the popu- 
lation was about 240,000. Projecting into the future the rate of growth 
during the last six years, indicates an increase at the rate of 25,700 
per year. The rate of growth during the last three years, however, is 
^6,700 per year. This rapid increase in population has a direct bearing 
on the necessity of providing for an additional water supply. 

The following diagram shows the growth in assessed valuation of 
city property. According to the State law, the bonded debt of the City 
for all classes of bonded debts, including water works and sewers, is 
limited to 15 per cent, of its assessed valuation. For the year 1880-81 
the assessed valuation of city property was $7,259,568. In 1890-91 it was 
$49,320,670. In 1900-01 it was $65,599,920. In 1904-05 the assessed val" 
uation was $126,126,563. In the year 1906 it was $202,985,704. As 
regulated by this 15 per cent., the bonding power of the City increased 
between 1902-03 and 1904-05, from $12,962,510 to $18,918,984, or about 
$6,000,600. During the last two years the advance has been from $18,- 
918,984 to $30,447,855, an increase in bonding power in two years of 
$11,528,871. This increase in bonding power during the past year 
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has been $7,000,000. There are outstanding about $6,800,000 in City 
bonds of all classes. It is proposed to issue $23,000,000 in bonds for 
the Los Angeles Aqueduct. This would make a total bonded debt of 
$29,800,000, which is $647,000. less than our ultimate bonding power. 
The next City assessment will be made during the coming summer, 
and if the same rate of increase occurs for this fiscal year that oc- 
curred during the previous year, there will be added $7,000,000 more to 
our bonding power. 

In discussing this bond question, it is well to remember that street 
improvements are usually assessed against adjoining property, and are 
not paid for by municipal bonds. School-houses may also be provided f ot 
under a State bonding law, the assessment in this case being made 
against the Los Angeles school districts. 

The California Legislature^ in February, 1907, passed an K,^^ 
amending an Act entitled : "An Act authorizing the incurring of j^^' 
debtedness by cities, towns and municipal corporations for municip^'* 
improvements, and regulating the acquisition, construction! or coir^' 
pletion thereof." This Act is given as Appendix L. Its purpose is t^ 
amend the State bonding law to meet the requirements of the City i^ 
the bond issue for the Los Angeles Aqueduct. 

In closing this report, particular attention is called to the fact tha-^ 
in building our own cement plant and in constructing a concrete aque-' 
duct, the bulk of the expenditures will be for labor and material, whict* 
will be supplied locally. The money that is used for this constructiori^ 
will stay in and around Los Angeles, and will not be sent to Eastern 
manufacturers, as would be the case, for instance, if steel pipe were 
used. 

Particular mention should be made of the manner in which the 
various official and commercial organizations of Los Angeles have 
consulted and co-operated with each other, in all the vital stages of this 
enterprise. There has practically been no dissension, no marked dif- 
ference of opinion, either as to the general advisability of the enter- 
prise, or as to the poliey for carrying it out. 

Respectfully submitted, 

(Signed) Wm. Mui.hoi.land, 

Chief Engineer. 
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APPENDIX A. 



BEPOBT ON X7NDEBGBOX7ND WATEBS IN THE VIOINITT OF ZaOS 

ANGELES. 



By W. O. Mendenhall, Geologist, U. 8. Geological Suryey. 

Two yean ago some interest was excited in Southern California by pub- 
lieationa and public utterances to the effect that the amount of water which 
can be safely withdrawn from our underground basins is not unlimited, and 
that in some localities at least, the limit of safe and conservative development 
had then been reached. These conclusions were based upon a careful study of 
conditions in the field, involving the examination of about 11,000 wells of all 
types, an accurate mapping of artesian areas past and present, and a study of 
such direct data as then existed upon the fluctuations of ground water levels, 
under the influence of varying annual rainfall on the one hand and with- 
drawals of water by artesian or pumped wells on the other. 

COMPLEXITY OF THE PBOBLEM. 

It developed in the course of the study that conditions were very complex, 
in that our ground waters existed in a number of more or less completely 
separated basins; that each of these basins had its own water supply, perhaps 
differing materially in effectiveness from that of its neighbor; that the amount 
of development in one basin differed greatly from that in another, and hence 
that while widespread tendencies towards excessive drafts upon the under- 
ground supplies might be observed, in reality each locality, or at least each 
separate underground basin, presented a separate problem, to be correctly 
solved only by a study of local conditions. 

Further uncertainties arose from the fact that up to the year 1900, the 
country had passed through a long period of low rainfall, which included the 
year of lowest precipitation of record in this vicinity, and that from 1900 to 
1904 we had had only about the average rainfall, with alternate years of slight 
excess and slight deficiency, so that for a decade previous to the enunciation of 
the conclusions in question, there had been no opportunity to study the effect 
upon our subterranean reservoirs of really heavy precipitation. 

So little attention had been paid to underground waters before this decade, 
that information as to conditions during the preceding epoch of heavy rains 
was extremely fragmentary and unreliable. As soon as the condition of de- 
pendence of underground basins upon local rainfall became thoroughly under- 
stood, all thoughtful students of the situation recognized at once that this low 
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rainfall would itself cause a general lowering of water levels, and, indeed, 
to it as a cause had been imputed such declines as had been recognized. Fur- 
thermore, evidence of the most definite sort, that is, measurements upon the 
rise and fall of the ground water levels, systematically maintained through 
long enough a period of years to give a reliable foundation from which to 
reason, were practically non-existent. Upon only two wells in Southern Cali- 
fornia, one near Anaheim, owned by Mr. J. B. Neff, and the other in the San 
Bernardino Basin and belonging to the Biverside Trust Company, had con- 
tinuous measurements been made through a long series of years. 

These uncertainties and indefinite elements in the problem were recognized 
only too fully by those who were endeavoring to see clearly through them to s 
well-founded conclusion as to the safe and proper use of our ground waters, a 
conclusion which would be a dependable guide for those who, like the Los 
Angeles Water Board, are forced to determine far-reaching policies, upon 

which should depend the welfare of our growing communities now and in 
the future. 

It may be accepted then, that it was not lightly nor without a full sense 
of responsibility, that the conclusion was announced that in many of our com- 
munities an increase in the development of underground waters must be 
checked, if it was not the desire to develop the present at the expense of the 
future, and that policies such as reforestration improvements in irrigation prac- 
tice and the spreading of flood waters over the alluvial fans, must be adopted in 
order to lessen the waste of the abundant winter waters, increase the amount 
of the important summer flow and recharge underground basins. 

It is not surprising, in view of the complex elements in the situation, that 
these conclusions were not unreservedly accepted, nor that opposing ideas have 
been vigorously presented, either through the press, by letter, or in proposals 
to make large withdrawals of ground waters for irrigation or as sources of 
municipal supply. Indeed, it is never well that a conclusion of any import to 
an individual or a community be unreservededly accepted when first enunciated. 
Discussion and criticism are healthy, they add new points of view and new 
data, they eventually eliminate whatever of error there may have been in the 
original pronouncement, and they lead to a wide recognition of whatever of 
value it may have contained. 

NEW EVIDENCE. 

As soon as the significance to Southern California of the problem of its 
ground waters became evident, and the dearth of evidence as to variations in 
their level appeared, the United States Geological Survey selected about 100 
wells, distributed throughout the valley from Santa Monica to San Jacinto, 
and began systematic measurements upon them. These measurements have now 
been under way about two years, and are beginning to yield evidence from 
which conclusions can be drawn. Furthermore, both these years have been 
years of rainfall well above the average, and since two seasons in succession 
of rainfall above the average had not occurred before in 16 years, it is seen 
that especially significant evidence of a kind which was not in existence 
before the measurements were undertaken is now becoming available. It is 
the desire to present a summary of the conclusions to be reached from an exam* 
ination of that part of this evidence that concerns Los Angeles, that prompts 
the preparation of this article. 

70 



FUNDAMENTAL ELEMENTS OF THE PBOBLEM. 

As a preliminary it is perhaps well to state again some of the fundamental 
facts which control the ground water situation, although these are now becom- 
ing familiar through constant reiteration. Our ground waters are stored in 
subterranean reservoirs which are just as definite receptacles as the reservoirs 
built by man, but are vastly greater in extent. Like the man-made basins, 
they differ from one another in outline and depth and capacity. Unlike those 
which are made by engineering skill, we are usually unable to measure directly 
their dimensions and their capacity. They differ again, from the majority of 
artificial basins, in that they are filled to the level of the lowest point in their 
rim by loose sand and gravel and clay, which has been swept into them by the 
streams which flow to them or across them from the adjacent mountain masses. 



The San Fernando Valley is a typical reservoir of this character. Its depth 
is not known, but we do know that the relatively impervious bedrock which 
runs and underlies it, holds the waters that run into it from the surrounding 
ranges until they rise to the level of the lowest point in the rim, and flow 
out there as the Los Angeles River. The San Gabriel Valley is another such 
basin, which drains through the Paso de Bartolo; the San Bernardino Valley 
is still another, and the Coastal Plain, between the Puente Hills and the Cer- 
ritos or Dominguez Ridge^ is the largest of all. Since the basins are all filled 
by gravels and sands and clays, the water can only occupy the interstices 
between the individual soil particles. It may be stated in a very general way 
that these pores occupy from 20% to 30% of the whole alluvial mass. As 
streams discharge into the basis at one border and sink, the water fills the 
pores, moves slowly through them to a point of outlet and there flows away. 
This slow general movement, from the higher parts of a basin to the lowest, 
from the many points of inflow to the one point of outflow, has come to be 
called in the California courts *' percolation." 

Since these great gravel and sand filled valleys are merely underground 
basins, the water in them is subject to the same general laws that govern other 
reservoirs. If water enters them faster than it is withdrawn, they will over- 
flow; if it is withdrawn from them faster than it enters them, the water level 
in them will fall. The source of supply is the rainfall and the sources of 
drainage are the natural springs, and the wells pumped and flowing, which 
supply cities, manufacturing plants and irrigation systems. 

RAINFALLS. 

Los Angeles rainfall records have now been maintained for 29 seasons, 
and the average for this period is 15.60 inches. Students of meteorology tell 
us that records of 35 years duration give averages which are within 2% of the 
correct final average. The Los Angeles average is not finally determined, there- 
fore, but it is probably within 5% of the correct final figure. Accepting this 
average, then, we find that the rainfall of 18.65 inches during the winter of 
1905-6 was nearly 20% above the average, and that of 19.52 inches for the 
preceding winter was 25% above the average. 

This excess has given a large supply of gravity water to irrigation systems, 
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and so has greatly reduced the draughts on those auxilliarj pumping plants 
which are used only when gravity waters are insufficient. It has, of course, 
resulted in a heavy runoff, and has therefore made available an unusuaUy 
abundant supply of water for absorption by the sands and return to under- 
ground reservoirs. Clearly under these conditions, our ground waters, if no 
more is withdrawn from the reservoirs than is returned during average years, 
should show a marked improvement in condition. A rise in the ground water 
levels at this time, therefore, may not mean that ground waters are not used 
in excess, because with a rainfall so much above the average, ground water 
levels which decline during average years, may recover somewhat, but clearly, 
if water levels have fallen during these years, excessive use is indicated. 

BEOOBD WELLS. 

In 28 wells lying east, west and south of Los Angeles and south of Whit- 
tier, wells whose records are not confused by imperfect measurements, the 
influence of nearby pumping plants or changes in depth or character since 
measurement began, one-half show a net rise in the water plane in the last 
two years, and one-half a net decline. These wells are fairly distributed over 
the lowlands about Los Angeles, and they probably indicate quite closely 
general conditions in the nearby underground reservoirs. 

When we investigate the location of those areas which show losses and 
of those which show gains, two facts which we should expect appear. The 
losses are in those areas where most pumping plants have been installed, and 
the gains in those areas of less intense development; and again, the losses are 
remote from the channels of the large streams and the gains are near them. 
Thus south from Los Angeles toward Howard Summit, all of the record wells 
show losses. There are many pumping plants in this area, and it is several 
miles from the channel of Los Angeles Biver. 

West of Los Angeles toward Cienega Station, and further north in the 
vicinity of Colegrove, the measurements indicate net losses. Still farther west, 
in the lowlands extending south from Sherman, there have been recoveries, 
while in the vicinity of Palms, both gains and losses are recorded in different 
wells. 

South of Whittier toward Norwalk, and in the vicinity of the San Gabriel 
Channel south of the Paso de Bartolo, there have been distinct gains, and this 
is equally true in the El Monte basin north of the Paso de Bartolo. 

Developments in the El Monte basin are not as yet extensive, and the 
flood waters of the San Gabriel River absorbed by the sands and gravels of 
its bed during the last two winters, have materially raised the water plane near 
the river channel. 

Wells in Pasadena, near the south end of Orange Grove Avenue and on 
Colorado Street, between Pasadena and Lamanda Park, show net losses. These 
latter wells are probably affected by the intense development in North Pasa 
dena, and at the Devil's Gkite. 

The water in the Neff well at Anaheim was 1 ft. 4 in. higher on November 
30, 1906, than on December 1st, 1904. On December 1st, 1905, it was 8 in. lower 
than one year before and 2 ft. lower than one year later. The gain during 
1905-6, as compared with the loss during 1904-5, shows the cumulative effect of 
the two years' heavy rainfall. Should these two years be followed by other 
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jeara in whieh the precipitation is heavy and well distributed, more general 
recoveries should follow, and the declines be checked for a time in all areas 
except perhaps a few in which wells are most numerous and pumping is most 
continuous. 

The new evidence which the last two years have supplied us, then seems 
to support substantially the conclusions reached before this evidence became 
available. With two successive winters of heavy rainfall, ground water levels 
have recovered in favorable situations and where pumping has not been ex- 
tensive, but over about half the area adjacent to Los Angeles, less favorably 
situated or more heavily pumped, declines have continued. With average rain- 
fall it is safe to say there would be but a limited area that would hold its own. 
With substantially less than average rainfall, declines will be well nigh uni- 
versal. As the situation stands now, ground water levels generally fall with 
average and less than average precipitation. They partially recover only when 
the rainfall is well above the average. 

NEED OF OWEK8 VALLEY WATEB8. 

The bearing of this situation upon the wisdom of Los Angeles' movement 
to secure Owens Valley waters, may well be briefly discussed. Contiguous to 
Los Angeles on the south is the Coastal Plain, which contains the largest body 
of water bearing land in Southern California, and but a short distance away 
to the east lies the San Gabriel basin. In the southern part of this basin, near 
El Monie, lies an area underlain by a valuable body of ground waters, which 
have not as yet been seriously taxed by development. These two regions are 
probably the best in the southern part of the State, in point of view of under- 
ground water supply, and both have been considered at various times when 
the question of a supply for the City of Los Angeles to be secured from nearby 
points has been under discussion. The data which have already been presented 
prove that in that portion of the Coastal Plain which lies immediately south of 
Los Angeles, water levels have been declining during the past two years, in 
spite of the fact that these years have covered a period of very umch more than 
normal rainfall. In an area farther to the southeast, near the San Gabriel 
channel, water levels have recovered during this period, while still farther 
eastward, in the vicinity of Anaheim, water levels fell during the first year 
of heavy precipitation and rose during the second; while in the period from 
1900 to 1904, a time of approximately average rainfall for this section of the 
State, moderate declines are recorded. 

Within the Coastal Plain there are at present about 100,000 acres of land 
under irrigation, while approximately four times that area is capable of irriga- 
tion if water were available for this purpose. But the ground water supply is 
clearly overtaxed with the developments at present carried out in at least a 
portion of this area, while in the greater part of it it is probable that develop- 
ments have been carried quite as far as they can be without danger of a con- 
stantly declining ground water level and a consequent constantly increasing 
cost of waters in use for irrigation. It is clearly not possible to develop per- 
manently enough of these waters to irrigate the remaining lands capable of 
irrigation within the Coastal Plain. 

Under these circumstances, if the City of Los Angeles were to enter this 
field and establish pumping plants for the purpose of securing a supply of water 
adequate for domestic purposes, it must enter into competition with the agri- 
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cultural interests already established there, and practically eliminate the possi- 
bility of further extending the agricultural areas. It is obviously unwise, even 
if the California laws as at present interpreted would permit of such a policy, 
for the city to develop, at the expense of its surrounding tributary agricultural 
districts, and its entry into the Coastal Plain will inevitably be at the expense 
of these districts. 

The situation in the San Gabriel Valley in the vicinity of El Monte differs 
somewhat from that in the Coastal Plain. Developments of the underground 
waters there are not as yet extensive, and the supply appears not to be over- 
drawn. It is indeed probable that it is capable of further development without 
serious depletion; but, as in the case of the Coastal Plain, there are large 
areas of agricultural lands in the San Gabriel Valley itself, and in the edge of 
the Coastal Plain below the Paso de JBartolo, which can be reclaimed by the use 
of these waters, if it shall seem desirable to develop them further, and this use 
will be rendered impossible if the city enters the district and pumps out large 
and constantly increasing quantities to supply its own needs. 

Furthermore, there now head in and above the Paso de Bartolo a number 
of important canals, which are supplied by the waters that rise in and near 
the Pass, and which, in turn, supply irrigating waters to accessible lands in the 
region to the south and west. The effect of the development of underground 
waters in a region where under natural conditions the surplus rises to the sur- 
face in a series of springs, is to reduce the flow of these springs and as develop- 
ment proceeds, eventually to cause their disappearance; springs of this type are 
extremely sensitive to the installation of pumping plants in their vicinity and 
since so many canals on and above the Paso de Bartolo are supplied exclusively 
by them, there is little doubt but that extensive developments there would 
affect the supply now taken by these canals, and so would lead to extended 
litigation, in which either the agricultural lands which utilize the canal waters 
would be deprived of their supply, or the city would lose its right to pump. 

During the dry period through which Southern California has lately passed, 
one of the canal systems heading here in the Pass was forced to install a pump' 
ing plant in order to keep its supply up to the normal. This fact indicates 
that but little, if any, more water now rises in the Paso de Bartolo than is 
required by the interests which utilize it, and indicates a strong probability 
that any developments which will tend to interfere with this supply will at 
once make themselves felt through a reduction of the flow of the natural 
springs. 

Since these two areas, the Paso de Bartolo and the Coastal Plain, are not 
only the best water bearing districts near Los Angeles, but are the best in 
Southern California, obviously, if it is unwise to further tax them by additional 
developments, it would be still more unwise to invade other of the water bear- 
ing lands more remote from the city. So far as the ground water situation is 
concerned, therefore, the policy of the city in going to a distant source for its 
water supply, is not merely wise, it is absolutely necessary, if the city's future 
growth is not to be at the expense of neighboring communities. 
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APPENDIX B. 

MINnTES OF THE BOABD OF WATEB COMMI88IONEB8 RELATIVE 
TO THE NEGOTIATIONS WITH FEED EATON. 

May 22, 1905. 

"Whereas, it has become manifest to the Board that the present water 
supply of the city is now scarcely adequate to the needs of its inhabitants, and, 
if the present rate of increase of the population shall continue, will soon be 
insufficient to meet the demand of the city for water for necessary municipal 
and domestic purposes; and 

"Whereas, the members of this Board feel that immediate steps should be 
taken to secure such additional water rights as will insure an adequate supply 
of water for the future needs of the city, and the Board has, with this end in 
view, caused to be made thorough investigations as to the various sources of 
supply which are available and would afford the volume of water required by 
the city; and 

"Whereas, Frederick Eaton has made and presented to the Board a 
written proposal to sell to the city certain lands, land claims and water rights 
located in what is known as Owens Valley, in Inyo County, in this State, along 
and in the vicinity of Owens River, said lands comprising about 12,000 acres 
of patented land, and about 8000 acres for which State scrip certificates have 
been issued, entitling the holder to patents, with appurtenant water rights, 
which investigations by the Board show amount to a constant flow of several 
thousand inches, and together with the lands and water rights covered by the 
options hereinafter mentioned will afford an adequate supply of water for all 
the future needs of the city, at and for the price of $450,000, payable in install- 
ments, as set forth in said written proposal; and 

"Whereas, J. B. Lippincott, civil and hydrographic engineer, has been 
employed by the Board, to co-operate with Mr. Mulholland, superintendent of 
the water works, in making an investigation of all available sources of water 
supply for this city, and they have filed with the Board their report upon that 
subject; and it appears therefrom that, volume of water, cost of acquisition 
and delivery, and engineering difficulties considered, the water shed of Owens 
Biver, among all possible sources of supply, affords the best for the purposes of 
the city, and that the lands and water rights embraced in the proposal of Mr. 
Eaton, besides affording a large supply of water, have such advantages of loca- 
tion, with reference to the Owens River Valley as to render its immediate 
acquisition of primary importance to the city; and 

"Whereas, the City Attorney has advised the Board that it has power 
wilder the charter to purchase any properties, including water and water rights, 
outside the limits of the city, that may be necessary for the maintenance or 
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extension of the municipal water works and the means for supplying the city 
and its inhabitants with water; 

"Now Therefwe, Be It Besolyed: That the offer of Mr. Eaton be 
accepted, and that the President of the Board be authorized to enter into a 
contract on behalf of the Board for the purchase of the properties and option 
described in such proposal, and that such contract provide that, in consideration 
of such purchase, said Frederick Eaton assign and transfer to the Board all 
options and contracts held by him or under his control for the purchase of any 
lands, waters, water rights or interests in water or ditch companies in the 
Owens Biver Valley south of the north line of township 10, south of Mount 
Diablo Base." 

(Ayes and Noes, Carried.) 

June 6, 1905. 

"Mr. Goudge then presented and read the draft of a second proposed con- 
tract between Frederick Eaton and the Board of Water Commissioners for the 
sale and assignment to the Board of certain options to buy lands, water rights, 
etc., in the Owens Biver Valley, as follows: 

This Memorandum of Agreement, made this 6th day of June, 1905, by and 
between Frederick Eaton, of the City of Los Angeles, State of California, first 
party, and the Board of Water Commissioners of the City of Los Angeles, State 
of California, second party: 

Witnesseth: 

That said first party, for and in consideration of the 9um of $1.00 to him 
in hand paid by said second party, the receipt of which is hereby acknowl- 
edged (and also in consideration of the execution by said second party contem- 
poraneously herewith of a contract between the parties hereto, whereby said 
first party undertakes and agrees to sell, transfer and convey to said second 
party certain land and water rights and other properties and rights situated 
in the Counties of Inyo and Mono, State of California, for the sum of $450,000, 
payable as follows: $50,000 upon the execution of said last mentioned contract 
by the parties hereto; $50,000 on or before October Ist, 1905; $50,000 on or 
before November 1st, 1905; $50,000 on or before December 1st, 1905; and the 
remaining $250,000 on or before December Ist, 1907, with interest on all 
deferred payments at the rate of five per cent per annum, payable semi- 
annually as in said agreement prescribed), hereby sells, assigns and transfers 
to said second party all the options hereinafter described for the purchase of 
certain lands, water rights and interests in water ditches; the names of the 
persons from whom said options have been obtained, the descriptions of the 
properties purchasable thereunder and the prices of said properties, being 
respectively as follows, to wit: 

John B. Turner. Option expires July 5th, 1905. S. % N. W. % 
S. W. ^4 N. E. % W % Section 35; W. % and W. % of E. % 
Section 36, Township 13, S. Eange 35 E., M. D. M. W. % S. W. 
y4, Section 23; N. % N. W. % S. E. % N. W. % E. % S. W. % 
and S. W. :^ S. E. % Section 26; N. % N. E. % S. E. % N. E. 
% E. % of S. E. % of Section 35; S. W. % S. W. % Section 36, 
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Township 15, & Bange 36 E., M. D. M. N. K % N. E. % Seetion 
2; N. % N. W. % a E. % N. W. % 8. W. % N. E. % N. % 
S. E. % and N. E. % 8. W. % Section 1, Township 16 8, Eange 
36 E., M. D. M. Also the 8. % N. W. % and E. % of 8. W. %, 
Section 6, Township 16, 8. Bange 37 E., M. D. M. Containing 
1800 acres of land more or less, extending along the river for a 
distance of over six miles; and 100 shares of the capital stock of 
the New Stevens Ditch Go. 50% at exercise of option, balance 
on or before one year, bearing interest at 9% gross. Price $13,500.00 

Hand. Option expires July 4, 1905. W. % S. E. %, Section 
32; a E. % Section 32, Township 14 S., Bange 36 E., M. D. M. 
And N. W. % N. E. % Section 5, Township 15 S, Range 36 E. 
50% exercise of option, balance on or before one year at 8%. 
Contains 160 acres, and extends along the river ^ mile. Price. .$ 1,600.00 

Hand. Option expires July 4, 1905. S. E. % N. W. ^4 Section 
13; N. R % of a W. % Section 13; S. % of N. E. % Section 13 
and N. y^ of S. E. ^ Section 13, Township 14 S, Bange 35 E, 
M. D. M. The S. W. % N. W. % and N. W. % of S. W. % Sec- 
tion 18, Township 14 S., Bange 36 E., M. D. M. Containing 320 

acres and extending along the river , together 

with 225 shares of the capital stock of the New Stevens Ditch Co. 
50% at exercise of option, balance on or before one year, at 
8%. Price $ 2,400.00 

H. C. Hamilton. Option expires July 6, 1905. The S. E. % of S. W. 
% of Section 29; E. % N. W. % and S. W. % of N. E. % Section 
32, Township 14 S., Range 36 E., M. D. M., containing 160 acres, 
extending along the river one mile, together with 100 shares of 
the capital stock of the New Stevens Ditch Co. 50% at exercise 
of option, balance on or before one year at 8%. Price $ 1,850.00 

Barab C. F. Wrinkle. Option expires July 5, 1905. S. % S. E. ^ 
Section 13; N. E. % N. % S. E. % Section 24, Township 14 S., 
Bange 35 E., M. D. M. S. % S. W. 14 S. W. ^^ S. E. % Section 
18; the N. W. :^ W. % N. E. ^4 S. E. ^4 N. E. :^ N. % S. W. 
% a E. % a W. % N. % a E. % S. E. % section 19; the E. % 
N. W. % N. E. % Section 30, Township 14 S., Range 36 E., 
M. D. M. The W. % S. E. ^ Section 17; N. W. ^4 Section 2; N. 
% a W. ^ Section 2; W. % S. E. % S. E. ^14 S. E. ^ Section 3; 
N. E. % N. W. % N. % N. E. ^ Section 10; N. W. ^ of N. W. 
% Section 11 in Township 15 S., Range 35 E., M. D. M. Contain- 
ing 1800 acres and extending along the river about one mile; to- 
gether with 1094 shares of the capital stock of the New Stevens 
Ditch Co., and all the water in Hog Back Creek. Price $21,500.00 

Jno. J. Stewart. Expires July 3, 1905. S. E. ^ of 8. E. ^ Section 
18; N. E. ^ of N. E. ^^ Section 19, Township 14, Range 36 E., 
M. D. M. Containing 80 acres, and extending along the river 
one-half mile, together with 40 shares of the New Stevens Ditch 
Co. stock. Cash on exercise of option. Price $ 500.00 
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E. H. Edwards. Option expires July 6, 1905. An undivided % in- 
terest in the following described property: W. % of E. % and E 
% Section 1; E. % of N. E. %, N. E. % of 8. E. % of Section 2; 
N. % S. E. % N. E. % S. W. % Section 12j N. % of N. E. :^ 
Section 13, Township 14 S., Bange 35 E., M. D. M. S. ^ S. W. 
% of Section 7; N. % of N. W. % Section 18, Township 14, Bange 
36 E., M. D. M. Together with 551 shares of the capital stock of 
the New Stevens Ditch Co., and all its interest in said ditch. 
50% at exercise of option, balance on or before one year at 8%. 
Price $ 4,777.50 

Maggie Skinner. Expires July 5, 1905. S. E. ^ N. W. % N. E. % 
of S. W. %; the N. % of S. E. % of Section 18, Township 14 S., 
Bange 36 E., M. D. M., containing 160 acres, extending along the 
river ^ mile; together with 25 shares of the capital stock of 
the New Stevens Ditch Go. 50% at exercise of option, balance 
on or before one year at 8%. Price $ 1,262.50 

A. W. Eibeshutz. Expires July 7, 1905. S. E. % of N. W. % S. W. 
y4, of N. E. % N. E. % of S. W. % and N. % of S. E. % Section 
7, Township 14 S., Bange 36 E., M. D. M., containing 160 acres, 
and extending along the river ^ mile. 50% at exercise of option, 
balance on or before one year at 8%. Price $ 960.00 

I. H. Mnlholland. Option expires July 1, 1905. N. % of N. E. % 
Section 14; W. % of S. E. % S. W. ^ of the N. E. ^ and the 
W. ^ of Section 11, Township 13 S., Bange 35 E., M. D. M., 
containing 480 acres extending along the river about 1^ miles; 
together with all the ditch rights in the MulhoUand Ditch, which 
has a water right of 500 inches. 50% at exercise of option, bal- 
ance on or before one year at 9%. Price $ 7,200.00 

And said first party, in consideration of the premises, also hereby agrees 
to sell, assign and transfer to said second party, any and all options to purchase 
lands situate in the County of Inyo south of the north line of Township 10 
south. Mount Diablo Base, or waters, water rights or interests in water ditches 
or water canals located south of said line that may be hereafter purchased or 
acquired by said first party at and for the price of the actual cost and expense 
incurred and paid by said first party in purchasing or acquiring said options. 

Provided, however, and it is expressly stipulated and agreed, by and be- 
tween the parties hereto, that H^ the event said second party shall fail or 
neglect to pay when due any installment of the purchase price required to be 
paid by it under the aforesaid contracts executed by the parties hereto con- 
temporaneously herewith for the purchase at and for the sum of $450,000 of 
the property described in said contract, or shall fail or neglect to pay when 
due any installment of the interest upon the deferred payments of such pur 
chase price, then and in that event said second party shall, upon demand of 
said first party, re-convey and re-assign, or cause to be re-conveyed and re- 
assigned, unto said first party, all rights, titles and interests in or to any lands, 
waters, water rights, water ditches or water canals, or interests therein, there- 
tofore acquired by it under any of the options that are hereby or may be 
hereafter assigned or transferred to said second party under or pursuant to 
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this agreement, at and for a price equal to the actual cost to said second party 
of said options, rights, titles or interests; provided, however, that said demand 
and payment of said price shall be made by said first party within not exceed- 
ing six months after the neglect, failure or default on the part of said second 
party which will entitle said first party to such reconveyance and re-assign- 
ment, as aforesaid. 

It is hereby stipulated that all the covenants and agreements herein con- 
tained shall inure to the benefit of and bind the parties hereto, their heirs, 
executors, administrators, successors and assigns. 

In Witness Whereof, said first party has hereunto set his hand, and said 
seeond party has, by its President being thereunto authorized by a resolution 
of said second party, caused its name to be hereunto subscribed, the day and 
year first above written. 

(Signed.) FREDERICK EATON. 

BOARD OF WATER COMMISSIONERS OF THE 

CITY OF LOS ANGELES. 

By JOHN J. FAY, JR., President. 
Attest: JAS. P. VROMAN, 

Secretary. 

''Mr. Mead moved the adoption of the contract as read, and that the 
President and Secretary of this Commission be authorized for and on behalf 
of the Commission to sign, execute and deliver same. 

''Seconded by Mr. Sherman, and carried by the following vote:" 

(Ayes and Noes, Carried.) 

June 6th, 1905. 

"Mr. Goudge of the City Attorney's office presented and read draft of a 
proposed contract between Frederick Eaton and the Board of Water Commis- 
sioners for the purchase by the Board of certain lands and other properties 
in the Owens River Valley as follows: 

This Memorandum of Agreement, made and entered into this 6th day of 
June, 1905, by and between Frederick Eaton, first party, and the Board of 
Water Commissioners of the City of Los Angeles, State of California, second 
party, 

Witnesseth: 

That said first party, for and in consideration of the payments of money 
hereby agreed to be made by said second party, does hereby agree to grant, 
sell, convey, transfer and assign, or to cause to be granted, sold, conveyed, 
transferred and assigned, to said second party, its successors or assigns, all 
of the following property, to wit: 

First: All of those parcels of land, situate in the County of Inyo, State 
of California, hereinafter referred to as Patented Lands, and comprising the 
following described lands, to wit: 

S. % of N. E. %; N. E. % of S. E. %, Sec. 22. N. W. % of S. W. %, 
Sec. 23, Tp. 10 S., R. 34 E. 

S. E. % of S. E. % of Sec. 26; E. % of N. E. %, and N. W. % of N. E. % 
of Sec. 35, Tp. 10 S., R. 34 E. 
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W. % of 8. E. %; 8. W. % of N. E. %; 8. E. % of N. W. %, See. 26, Tp. 
10 8., B. 34 E. 

S. % of N. W. %; 8. W. % of N. B. %, Sec. 11, Tp. 10 8., E. 34 K 

S. W. % of S. W. %, Sec 15. 

N. % of N. W. %, Sec. 22. 

E. % of N. E. % of N. E. %, and S. W. % of N. E. % of N. B. % of 
Sec. 21. 

E. % of N. E. %; E. % of 8. E. %, Sec. 11, Tp. 11 S., E. 34 E. 

N. E. % of Sec. 15, Tp. 11 S., E. 34 E. 

E. % of N. E. %; N. W. % of N. B. %; N. E. % of S. E. %, Sec. 33, 
Tp. 12 S., E. 35 E. 

S. W. % of N. W. %; N. % of S. W. %; S. E. % of S. W. %, Sec. 28, Tp. 
12 S., E. 35 E. 

S. E. % of S. W. % of Sec. 14; N. W. % of N. E. %, and N. B. % of N. W. 
% of Sec. 23, Tp. 11 S., E. 34 E. 

N. W. % of S. W. %, Sec. 14, Tp. 11 S., E. 34 E. 

W. % of E. % and E. % of W. %, Sec. 11. 

W, % of E. %; N. E. % of N. E. %; E. % of N. W. %; N. E. % of S. W. 
%, Sec. 14. 

N. E. % of Sec. 16, Tp. 11 S., E. 34 E. 

W. % of S. W. y4,; S. E. % of S. W. %, Sec. 14. 

S. E. % of S. E. % of S. W. % of Sec. 15. 

N. % of N. E. % of Sec. 22. 

N. W. % of Sec. 23, Tp. 10 S., E. 34 E. 

W. % of N. W. %; N. % of S. W. :^, Sec. 13, Tp. 11 S., E. 34 E. 

N. E. % of Sec. 10, Tp. 13 S., E. 35 E. 

W. % of S. E. %; N. E. :^ of S. W. %, Sec. 27, Tp. 11 S., E. 34 E. 

E. % of N. W, %; N. W. :V4 of N. E. :^; N. E. % of S. W. :^, Sec. 34; 
S. E. % of S. W. %, Sec. 27, Tp. 11 S., E. 34 E. 

Lots 5 and 6 in the fractional N. E. ^ of Sec. 6 in Tp. 13 S. of E. 35 E. 

S. E. % of Sec. 22, Tp. 12 S., E. 34 E. 

S. W. % of Sec. 11, Tp. 10 S., E. 34 E. 

E. % of N. E. %; E. % of S. E. ^4, Sec. 27, Tp. 12 8., E. 34 E. 

E. % of S. E. :^; S. E. ^^ of N. E. %, Sec. 27; S. % and S. % of N. % of 
Sec. 26; all of Sec. 35; S. E. ^ Sec. 34; S. % of N. E. %, and N. E. % of 
N. E. % of Sec. 34, Tp. 11 S., E. 34 E. 

N. V2 of N. % of Sec. 2, Tp. 12 S., E. 34 E. 

N. E. %; S. % of N. W. %; S. E. ^4 and S. W. % of Sec. 34; S. % of 
S. E. %, Sec. 33, Tp. 9 S., E. 34 E. 

S. % of S. E. %, Sec. 22; S. W. % of S. W. %, Sec. 23; N. E. % of N. B. 
% of Sec. 27, Tp. 11 S., E. 34 E. 

S. E. :^ of N. W. :^; N. % of S. W. %; S. E. % of S. W. %; N. W. % 
of S. E. %; S. % of S. E. % of Sec. 23; N. E. % of N. W. %; N. % ^ 
N. E. y4, of Sec. 26, Tp. 11 S., E. 34 E. 

S. W. y^, of N. E. %; W. % of S. E. %; S. E. ^^ of S. E. %, Sec. 20, Tp. 
12 S., E. 35 E. 

E. % of E. %; N. W. % of N. E. % of Sec. 4; W. % of N. W. % of Sec. 
3, Tp. 10 S., E. 34 E. 

E. y2 of N. W. :^; N. E. % of Sec. 3; W. ^i of N. W. ^,; S. E. % of 
N. W. %; S. Wl % of Sec. 2; N. % of N. W. :^ of Sec. 11, Tp. 10 S., E. 34 E. 
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a E. % of a W. %; 8. % of 8. B. %; N. E. :% of a E. %, Sec. 3; W. % 
of Lots 2, 3, 4 and 5 in N. W. ^ of See. 2; N. W. ^ of See. 10, Tp. 13 S., 
B. 35 E. 

a E. %, Sec. 7; S. % of S. W. % of Sec. 8; E. % of N. E. %; S. % of 
Lots 1 and 2 in N. W. %, and N. ^ of Lots 1 and 2 in S. W. "^ of Sec. 18; 
N. W. % of Sec. 17; S. W. % of N. W. %; N. % of S. W. %; S. E. % of 
a W. % of Sec. 20; S. ^ of Lot 2 in S. W. % of Sec. 30; N. ^ of Lot 2 in 
N. W. %, and S. E. ^ of Sec. 31, Tp. 12 S., B. 35 E. 

a E. % of N. W. %; E. % of S. W. %; S. W. % of S. E. % of Sec. 24, 
Tp. 11 S., B. 34 E. 

a % of N. W. :^; N. E. % of S. W. %; S. W. % of N. E. %; W. % of 
S. E. % of Sec. 2; N. E. % of Sec. 11; W. % of S. W. % of Sec. 13; N. W. % 
of Sec. 14; E. % of N. W. %, and W. % of N. E. % of Sec. 22; W. % of S. W 
% and a E. % of S. W. % of Sec. 23; W. % of N. W. %; S. E. % of N. W. % 
a W. % of N. E. %; N. E. % of S. W. % and N. W. % of S. E. :% of Sec. 24 
W. % of N. E. %, and S. E. % of Sec. 25; W. % of N. E. %, and W. % of Sec 
26; E. % of N. E. %, and E. % of S. E. % of Sec. 27; N. E. % of N. E. % 
of Sec. 34; N. % of N. W. % of Sec. 35, Tp. 12 S., B. 34 E., all of Mount Diablo 
Base and Meridian. 

And all other lands, situate in said County of Inyo, standing of record 
in the name of, or owned by, the Bickey Land and Cattle Company, or T. B. 
Bickey, or Thomas B. Bickey, and contained in any of the townships numbers 
ten to fifteen south, inclusive, in ranges thirty-four to thirty-six, east, inclusive, 
of Mount Diablo Base and Meridian. 

Second: All of the right, title and interest, and all rights to obtain title, 
now or hereafter possessed by said first party and derived by him from the 
Bickey Land and Cattle Company, or T. B. Bickey, or Thomas B. Bickey, in or 
to those parcels of land situated in said County of Inyo, hereinafter referred 
to as Listed Unpatented Lands, described in certain certificates of purchase 
issued by the State Land (Mfice of the State of California, and all rights, now 
or hereafter possessed by said first party, in or under said certificates of pur- 
chase; said certificates of purchase and the lands described therein being 
respectively as follows: 

Certificate No. 13664 for 320 acres of land, to wit: 

Southwest quarter Section 17 and Southeast quarter Section 18, Township 
12 South, Bange 35 East, M. D. M. 

Certificate No. 13738 for 640 acres of land, to wit: 

Northeast quarter and north half of Southeast quarter of Section 12; 
South half of Northeast quarter, Northwest quarter and Southeast quarter of 
Section 13, Township 12 South, Bange 34 East, M. D. M. 

Certificate No. 13739 for 593.47 acres of land, to wit: 
South half of Lot 1 in Southwest quarter, South half of Lot 2 in South- 
west quarter of Section 18; Lot 2 (of Northwest quarter) of Section 19; 
Southeast quarter of Northwest quarter and Southwest quarter of Southwest 
quarter of Section 20; North half of Northwest quarter of Section 29; South- 
east quarter of Northeast quarter of Section 31, Township 12 South, Bange 
35 east; Lot 4, East half Lot 5 and Lot 6 in Northeast quarter, and East half 
of Lot 6 in Northwest quarter of Section 5, Township 13 South, Bange 35 East, 
M. D. M. 
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Certificate No. 13740 for 609.58 acres of land, to wit: 

East half of Southwest quarter of Section 13; East half of Northeast quar- 
ter, Northwest quarter of Northeast quarter, Northeast quarter of Northwest 
quarter and East half of Southeast quarter of Section 24; East half of North- 
east quarter of Section 25, Township 12 South, Bange 34 East; Lot 2 (of South- 
west quarter) of Section 19; Lot 2 (of North west quarter) and North half of 
Lot 2 (of Southwest quarter) of Section 30, Township 12 South, Bange 35 East, 
M. D. M. 

Certificate No. 13741 for 640 acres of land, to wit: 

North half of Lot 1 (of Southwest quarter) and North half of Southeast 
quarter of Section 19; South half of Lot 1 (of Southwest quarter) of Section 
30; North half of Northeast quarter of Section 31; Southeast quarter of North- 
west quarter and East half of Southwest quarter of Section 29; East half of 
Northwest quarter and Southwest quarter of Northwest quarter of Section 32, 
Township 12 South, Bange 35 East; South half of Southeast quarter of Section 
5 and North half of Northeast quarter of Section 8, Township 13 South, Bange 
35 East, M. D. M. 

Certificate No. 13669 for 601.15 acres of land, to wit: 

Northwest quarter Section 12; Southeast quarter Section 11; Southea49t 
quarter of Southwest quarter of Section 2, Township 12 South, Bange 34 East; 
North half of Lot 1, North half of Lot 2 (of Northwest quarter) and West 
half of Northeast quarter of Section 18, and Lot 2 (of Northwest quarter) of 
Section 7, Township 12 South, Bange 35 East, M. D. M. 

Certificate No. 14116 for 640 acres of land, to wit: 

Southeast quarter of Section 29, East half of Section 32 and Southwest 
quarter of Section 33, Township 12 South, Bange 35 East, M. D. M. 

Certificate No. 13830 for 160 acres of land, to wit: 

Northeast quarter of Southwest quarter and West half of Southwest 
quarter of Section 14, and Northeast quarter of Northwest quarter of Section 
23, Township 12 South, Bange 34 East, M. D. M. 

Certificate No. 13831 for 631.12 acres of land, to wit: 
East half of Section 14, Northeast quarter of Section 23; Northwest quarter 
of Southwest quarter of Section 24, Township 12 South, Bange 34 East; Lot 6 
and East half of Lot 5 (of Northwest quarter) of Section 2, Township 13 South, 
Bange 35 East, M. D. M. 

Certificate No. 13832 for 640 acres of land, to wit: 

West half of Section 25; East half of Northeast quarter of Section 26; 
South half of Southwest quarter and Southwest quarter of Southeast quarter 
of Section 24, Township 12 South, Bange 34 East; South half of Lot 1 (of 
Southwest quarter) of Section 19, and Northwest quarter of Northwest quar- 
ter of Section 32, and Southwest quarter of Northeast quarter of Section 7, 
Township 12 South, Bange 35 East, M. D. M. 

Certificate No. 13670 for 519.58 acres of land, to wit: 

Fractional West half of Section 6; East half of Northeast quarter and Lot 
1 (of Southwest quarter) of Section 7 and Northeast quarter of Southwest 
quarter of Section 8, Township 12 South, Bange 35 East, M. I>. M. 

Certificate No. 13834 for 160 acres of land, to wit: 

Southwest quarter of Section 32, Township 12 South, Bange 3i East, 
M. D. M. 
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Certificate No. 13742 for 520 acres of land, to wit: 

Northwest quarter of Southeast quarter of Section 24, East half and East 
half of Northwest quarter and East half of Southwest quarter of Section 25, 
Township 11 South, Bange 34 East, M. D. M. 

Certificate No. 13744 for 333.39 acres of land, to wit: 

Southwest quarter of Northeast quarter, Lot 1 and South half of Lot 2 
(of Northwest quarter) and Lots 1 and 2 (of Southwest quarter) of Section 
31, Township 12 South, Range 35 East, M. D. M. 

Certificate No. 13746 for 240 acres of land, to wit: 

South half of Northeast quarter. South half of Northwest quarter of 
Section 1, Southeast quarter of Southwest quarter of Section 14, Township 12 
South, Range 34 East; Northwest quarter of Southwest quarter of Section 8, 
Township 12 South, Range 35 East, M. D. M. 

Certificate No. 13833 for 480 acres of land, to wit: 

Southeast quarter of Section 23; East half of Northwest quarter. South- 
west quarter of Northwest quarter and Southwest quarter of Section 11, Town- 
ship 12 South, Range 34 East, and Northeast quarter of Northwest quarter of 
Section 24, Township 11 South, Range 34 East, M. D. M. 

Certificate No. 13835 for 160.38 acres of land, to wit: 

Lot 2 (of Northwest quarter) and Lot 2 (of Northeast quarter) of Section 
1, Township 12 South, Range 34 East, M. D. M. 

Certificate No. 14155 for 360 acres of land, to wit: 

Northwest quarter of Northeast quarter of Section 17, West half of 

. Northwest quarter. Southeast quarter of Northwest quarter and Southwest 

quarter of Southeast quarter of Section 8, Southwest quarter of Southwest 

quarter of Section 5; Southeast quarter of Northeast quarter and East half 

of Southeast quarter of Section 6, Township 12 South, Range 35 East, M. D. M. 

Certificate No. 14713 for 80 acres of land, to wit: 

East half of Northeast quarter of Section 15, Township 12 South, Range 
34 East, M. D. M. 

Certificate No. 14332 for 320 acres of land, to wit: 

West half of Section 35, Township 15 South, Range 36 East, M. D. M. 

Tliird: All of the right, title and interest, and all rights to obtain title, 
now or hereafter possessed by said first party and derived by him from the 
Bickey Land and Cattle Company, or T. B. Rickey, or Thomas B. Rickey, in or 
to any lands, not hereinabove described, situated in said County of Inyo and 
eontained in any of the townships numbers ten to fifteen south, inclusive, in 
ranges thirty-four to thirty-six east, inclusive, of Mount Diablo Base and 
Meridian, and all rights now or hereafter possessed by said first party and 
derived by him from the Rickey Land and Cattle Company, or T. B. Rickey, or 
Thomas B. Rickey, in or under any certificate of purchase not hereinabove 
described, issued by the State Land Office of the State of California for any 
lands situated in any of said townships. 

Fourth: All water and water rights, and all interests, claims and appro- 
priations in or of water or water rights, and all interests in water ditches or 
canals, that are in anywise appurtenant to any of the lands hereinbefore in 
this contract mentioned; also all rights or interests now or hereafter possessed 
by said first party and derived by him from the Rickey Land and Cattle Com- 
pany, or T. B. Rickey, or Thomas B. Rickey, in any water rights, water canals 
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or water ditches, and in the surface or subterranean waters of the Owens Biver 
between the north line of township ten and south line of township fifteen south 
of Mount Diablo Base and in the surface or subterranean waters of the fol- 
lowing streams, to wit: Fish Springs, Black Bock Springs, Tinemaha Creek, 
Taboose Creek, Goodale Creek and Division Creek, and of all other streams 
flowing through or across any of the lands hereinbefore mentioned, except a 
one-third interest in the water ditch known as the Blake and Miller Ditch, and 
any water rights now existing north of the north line of township ten south 
of Mount Diablo Base, that may be hereafter acquired by said first party. 

Fifth: A perpetual right and easement in and upon the lands now or 
hereafter possessed by said first party and derived by him from the Bickey 
Land and Cattle Company, or T. B. Bickey, or Thomas B. Bickey, situated in 
Long Valley, Mono County, California, and lying between the level of the 
contour line having an elevation of one hundred feet above the mean surface 
level of the Owens Biver at a point selected by the United States Government 
for the location of a dam, and at which notice of the appropriation of the 
surface waters of the Owens Biver has been posted on behalf of the United 
States Government, and the mean surface level of said river at said point for 
the purpose of accumulating and impounding water on said lands up to the 
level of said contour line by means of a dam erected upon and across the 
Owens Biver. 

At and for the price of Four Hundred and Fifty Thousand Dollars ($450,- 
000.), in lawful money of the United States, payable as follows, to wit: 

Fifty Thousand Dollars ($50,000.) cash upon the execution of this agree- 
ment; 

Fifty Thousand Dollars ($50,000.) on or before October 1st, 1905; 

Fifty Thousand Dollars ($50,000.) on or before November 1st, 1905: 

Fifty Thousand Dollars ($50,000.) on or before December Ist, 1905; 

And the remaining Two Hundred and Fifty Thousand Dollars ($250,000.) 
on or before two (2) years after December Ist, 1905; 

All such deferred payments to bear interest at the rate of five (5) per 
cent per annum, reckoned from the first day of June, 1905, and payable semi- 
annually on the first day of December and on the first day of June of each year, 
and all such payments of principal and interest to be payable out of the Water 
Bevenue Fund of the Water Department of the City of Los Angeles, or such 
other fund or funds of said city as may hereafter be created for the purpose 
of meeting said payments. 

Provided^ however, and it is hereby agreed, that, in case said second party 
pays, or causes to be paid, the full amount of said purchase price, with the 
accrued interest, on or before January 1st, 1906, then in that event a discount 
of Twenty -five Thousand Dollars $25,000.) shall be allowed and deducted 
from said purchase price. 

It Is Further Agreed, by and between the parties hereto, that any and all 
of the aforesaid payments on account of said purchase price may be by said 
second party used and applied to the payment or discharge, in whole or in part, 
of any or all taxes, assessments or encumbrances now existing, or that may 
hereafter subsist, except taxes for the year 1906-7, upon any of the afore- 
mentioned patented lands, or upon any of the aforementioned waters or water 
Tights, which have been derived by said first party from said Bickey Land and 
Cattle Company, or T. B. Bickey, or Thomas B. Bickey. 
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And said first party, on receiving payment of the aforesaid purchase prico^ 
at the time and in the manner hereinbefore mentioncdy agrees to execute and 
deliver, or canse to be executed and delivered, to said second party, or to its 
8ncce€»or8 or assigns, a good and sufficient deed or deeds, conveying to said 
second party or its assigns, the title to all of the aforesaid Patented Lands, 
free and clear of all encumbrances, except taxes for the year 1906-7, together 
with a certificate or certificates of title thereto, issued by a reputable incorpo- 
rated Abstract Company doing business in this State, certifying said title to 
be free and clear of all encumbrances, except the taxes aforesaid; also a good 
and sufficient instrument, or instruments, of conveyance, transferring to said 
second party, or its assigns, all of the aforementioned rights, titles and in- 
terests, and rights to obtain title, in or to the aforesaid Listed Unpatented 
Lands, accompanied by a certificate or certificates, issued by a reputable 
incorporated abstract company, or reputable attorney, doing business 
in this State, certifying that a patent to all of said Listed Unpatented 
Lands is obtainable by said second party; also a good and sufficient 
instrument or instruments of assignment or conveyance, conveying and 
transferring to said second party, or its assigns, all of the rights and interests, 
and all rights to obtain title, now or hereafter possessed by said first party 
and derived by him from the Rickey Land and Cattle Company, or T. B. Rickey, 
or Thomas B. Rickey, in or to any lands situate in said County of Inyo, and 
contained in townships ten to fifteen south, inclusive of ranges thirty-four to 
thirty-six east, inclusive, of Mount Diablo Base and Meridian, other than the 
lands hereinbefore described as Patented Lands and listed Unpatented Lands; 
and all of the certificates of purchase issued by the State Land Office of the 
State of California, hereinbefore mentioned, and all of the water and water 
rights and interests in water canals and water ditches hereinbefore in this 
agreement mentioned; and also the right and easement hereinbefore mentioned 
in the afosesaid lands situated in Long Valley, Mono County, California; and 
aU other rights, interests and property herein mentioned and agreed to be 
delivered and conveyed by said first party to said second party; all of said 
deeds and instruments of conveyance, or assignments, to be duly executed, 
acknowledged and certified so as to entitle the same to be recorded. 

It Is Further Understood and Agreed, that possession of all the property 
hereinbefore in this agreement mentioned, shall be surrendered and delivered 
by said first party to said second party when the sum of Two Hundred Thou- 
sand Dollars ($200,000.), and the interest thereon, shall have been paid by it 
to said first party on account of the aforesaid purchase price, and in the manner 
and at the times hereinbefore mentioned, provided that said first party shall 
have the right to retain and use all hay cut upon any of the aforementioned 
lands prior to June 1st, 1906, and to use and occupy said lands for pasture 
purposes until said date. 

It Is Further Agreed, by and between the parties hereto, that in the event 
of the failure of said second party to pay when due any installment of the 
purchase price, herein mentioned, or any installment of interest upon any of 
the deferred payments thereof, all rights of said second party under this agree- 
ment shall thereupon cease and determine, and said second party shall forfeit 
all rights at law or in equity hereunder. 
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This contract shall bind and inure to the benefit of the parties hereto, and 
their respective executors, administrators, heirs, successors and assigns. 

In Witness Whereof, said first party has hereunto set his hand and seal, 
and said second party has by its President and Secretary, being thereunto duly 
authorized by Besolution of said second party, caused its name to be hereunto 
subscribed, the day and year first above written. 

(Signed.) FREDERICK EATON. 

BOARD OP WATER COMMISSIONERS OP THE 

CITY OP LOS ANGELES. 

JOHN J. PAY, JR., President. 
James P. Vroman, Secretary. 

"Mr. Elliott moved the adoption of the contract as read, and that the 
President and Secretary of this Commission be authorized for and on behalf 
of the Commission to sign, execute and deliver the same. 

Seconded by Mr. Sherman, and carried by the following vote:" 

(Ayes and Noes, Carried.) 



STATE OP CALIFORNIA, 

ss. 



County of Los Angeles. 
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On this 6th day of June, 1905, before me, M. E. Hammond, a Notary 
Public in and for said County of Los Angeles and State of California, personally 
appeared John J. Fay, Jr., and Jas. P. Vroman, known to me to be the Presi- 
dent and Secretary, respectively, of the Board of Water Commissioners of the 
City of Los Angeles, who executed the within instrument on behalf of the 
Board therein named, and acknowledged to me that said Board executed 
the same. 

In Witness Whereof, I have hereunto set my hand and affixed my official 
seal the day and year in this certificate first above written. 

(Seal.) M. E. HAMMOND, 

Notary Public in and for the County 
of Los Angeles, State of California. 



STATE OP CALIFORNIA, 
County of Los Angeles. 



>- ss. 



On this 6th day of June, 1905, before me, M. E. Hammond, a Notary 
Public in and for said County of Los Angeles, State of California, residing 
therein, duly commissioned and sworn, personally appeared Frederick Eaton, 
known to me to be the person whose name is subscribed to the within and 
annexed instrument, and acknowledged to me that he executed the same. 

In Witness Whereof, I have hereunto set my hand and affixed my official 
seal the day and year in this certificate first above written. 

(Seal.) M. E. HAMMOND, 

Notary Public in and for the County 
of Los Angeles, State of California. 
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June 12, 1906. 

'^Commnnieatioii from Mr. Fred Eaton, ofFering his seryices to the Board 
in the matter of obtaining options in the Owens Biver Valley, presented as 
follows: 

'Los Angeles, Cal., June 7th, 1905. 
To the Board of Water Commissioners of the City of Los Angeles: 

(Gentlemen: In view of the fact that I personally conducted the negotia- 
tions in securing the options referred to in my contract with you, and am quite 
familiar with the properties covered by those options, and property generally in 
the Owens Biver YaUey, I respectfully propose to act for the Board, in the 
matter of the purchase by it of such properties covered by those options as it 
may wish to acquire, and in obtaining options on other properties in that Valley 
soiitli of the north line of Townships 10 S., M. D. M., on the following terms: 

$10.00 per day for time actually and necessarily spent, and my necessary 
expenses while about that business, not including personal living expenses. 

Respectfully, 

(Signed.) FRED EATON.' 

Mr. Mead moved that the offer be accepted, and that Mr. Eaton be em- 
ployed on the terms named. Seconded by Mr. Baker, and carried by the fol- 
lowing vote: 

(Ayes and Noes, Carried.) 

July 17, 1905. 
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'BesQlved: That the President of the Board, Jno. J. Fay, Jr., be and he 

is hereby authorized and directed to pay out of the proceeds of the warrants 

covered by resolutions of the Board, adopted June 12th, June 19th and July 

3rd, the sum of $20,000, to be used in paying the sum of $5,000 to J. E. Coffin 

on account of the contract between said Eaton and said J. E. Coffin for the 

purchase of the option and the lands and water rights belonging to the Estate 

of Trenmor Coffin, deceased, described in the previous Besolution, and to pay 

the sum of $15,000 to the William Penn Colonial Assn. in connection with the 

exercise by said Eaton of said option. 

Said Besolution was seconded by Mr. Baker, and carried by the follow- 
ing vote:" 

(Ayes and Noes, Carried.) 

July 17, 1905. 

"Mr. Frederick Eaton, heretofore appointed by the Board to secure options 
for the purchase of and to purchase on behalf of the Board lands and water 
rights in the Owens Biver Valley, was present at the meeting and reported that 
he had a proposition from J. E. Coffin: 

First: To assign and transfer to said Eaton an option held by said Coffin 
for the purchase of all the lands and water and water rights belonging to the 
William Penn Colonial Association in Owens River Valley, amounting to 
12,432.99 acres of land and 17,991.57 parts out of a total of 22,000 
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parts of water flowing in the canals of said Association, for the price of $150,- 
000, payable ten per cent down, forty per cent on or before January 1st, 1906, 
and 50 per cent on or before January 1st, 1907, with five per cent interest on 
deferred payments, with a discount of five per cent if said price is paid on or 
before January 1st, 1906; 

Second: To convey or cause to be conveyed to said Eaton certain lands 
and water rights now owned by the Estate of Trenmor Coffin, deceased, em- 
bracing about 1000 acres of land in said Valley, and 1000 parts out of a total 
of 22,000 parts of water flowing in said canals. 

The amount to be paid for said option and for said conveyance to be 
$20,000, payable as follows: $5000 down, $2500 on or before September 1st, 
1905, and $12,500 on or before January 1st, 1907, with the condition that if said 
J. E. Coffin fails to convey or cause to be conveyed said property owned by the 
estate of Trenmor Coffin, deceased, with a clear title, on or before January Ist, 
1907, then, in that event, no part of said sum of $12,500 shall be paid and the 
obligation for the purchase, sale and conveyance of same shall thereupon cease 
and determine. 

Mr. Elliott moved the adoption of the following resolution: 

Besolved: That Frederick Eaton be authorized and directed to purchase 
said option and to make a contract for the purchase of the land and water 
owned by the Coffin Estate at the price and upon the terms named in his report, 
and after obtaining said option to exercise the same by paying to the William 
Penn Colonial Association the sum of $15,000 and by entering into a contract 
with said Association for the purchase of the property covered by said option, 
pursuant to the terms thereof. 

Said Besolution was seconded by Mr. Baker, and duly carried by the fol- 
lowing vote:" 

(Ayes and Noes, Carried.) 

Sept. 18, 1905. 

"Besolved: That a warrant be drawn for the sum of $50,000 payable to 
the order of Frederick Eaton, in payment of the installment due to him on 
October first next, under and in accordance with his agreement with the Board 
of Water Commissioners, dated June 6th, 1905, for the sale of certain lands 
and water rights in the County of Inyo. ' ' 

(Ayes and Noes, Carried.) 

Oct. 15, 1906. 

"Whereas, Fred Eaton, at the request of members of the Board of Water 
Commissioners and the Board of Public Works, has been buying various prop- 
erties in the Owens Eiver Valley, required by the city in connection with the 
Owens Biver project, upon the understanding that he should serve without 
salary or allowance for expenses, and should get his compensation out of com- 
missions paid by the seller where practicable, but if such an arrangement as 
to commission could not be made, that the city should pay a commission not 
exceeding five per cent, it also being understood, that in each case, the price to 
be paid for land bought should be the lowest obtainable price, and that, before 
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any deal is eloted, the proposed purchase should be submitted to said Boards 
for their approval; and 

Wliereas, it now appears to this Board that it will be more just and reason- 
able to all parties concerned, that the city should not require Mr. Eaton in 
future purchases to look to the seller of the lands for his commission. 

Now Therefore, Be It Besolved: That it is the sense of this Board that 
hereafter Mr. Eaton, in negotiating for the purchase of the property required 
by the city in connection with its Owens Biver project, should secure the same 
at the lowest obtainable price, upon a commission of five per cent, to be paid 
him by the city in full compensation for his services. ' * 

(Ayes and Noes, Carried.) 

Oct. SO, 1006. 

"Besolved: That a warrant be drawn for the sum of $50,000 payable to 
the order of Frederick Eaton, in payment of the installment due to him on 
November first next, under and in accordance with his agreement with the 
Board of Water Commissioners, dated June 6th, 1905, for the sale of certain 
lands, and water rights in the County of Inyo. ' ' 

(Ayes and Noes, Carried.) 
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APPENDIX C. 



(Public— No. 395.) 

An Act authorizing and directing the Secretary of the Interior to sell to 
the City of Lob Angeles, California^ certain public lands in California; and 
granting rights in, over and through the Sierra Forest Beserve, the Santa Bar- 
bara Forest Beserve, and the San Gabriel Timber Land Beserve, Calif omia» to 
the City of Los Angeles, California. 

Be it enacted by the Senate and House of Bepresentatives of the United 
States of America in Congress assembled. That there is hereby granted to the 
City of Los Angeles, California, a municipal corporation of the State of Gali- 
fomia, all necessary rights of way, not to exceed two hundred and fifty feet 
in width, over and through the public lands of the United States in the Counties 
of Inyo, Kern and Los Angeles, State of California, and over and through the 
Sierra and Santa Barbara Forest Beserves and the San Gabriel Timber Land 
Beserve, in said State, for the purpose of constructing, operating and maintain- 
ing canals, ditches, pipes and pipe lines, flumes, tunnels and conduits for con- 
veying water to the City of Los Angeles, and for the purpose of constructing, 
operating and maintaining power and electric plants, poles and lines for the 
generation and distribution of electric energy, together with such lands as the 
Secretary of the Interior may deem to be actually necessary for power houses, 
diverting and storage dams and reservoirs, and necessary buildings and struc- 
tures to be used in connection with the construction, operation and maintenance 
of said water, power and electric plants, whenever said city shall have filed, as 
hereinafter provided, and the same shall have been approved by the Secretary 
of the Interior, a map or max)S showing the boundaries, locations and extent of 
said proposed rights of way for the purposes hereinabove set forth. 

Sec. 2. That within one year after the passage of this Act the City of 
Los Angeles shall file with the registers of the United States Land Offices in 
the districts where the lands traversed by said rights of way are located, a map 
or maps showing the boundaries, locations and extent of said proposed rights of 
way, for the purposes stated in section one of this Act; but no construction 
work shall be commenced on said land until said map or maps have been filed 
as herein provided and approved by the Secretary of the Interior: Provided, 
however, That any changes of location of said rights of way may be made by 
said City of Los Angeles, within two years after the filing of said map or maps, 
by filing such additional map or maps as may be necessary to show such changes 
of location, said additional map or maps to be filed in the same manner as the 
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original map or mape; and the approval of the Secretary of the Interior of sai^ 
map or maps showing changes of location of said rights of way shall operate as 
an abandonment by the City of Los Angeles to the extent of such change or 
changes, of the rights of way indicated on the original maps: And provided 
further. That any rights inuring to the City of Los Angeles under this Act 
shaUy on the approval of the map or maps referred to herein by the Secretary 
of the Interior, relate back to the date of the filing of said map or maps with 
the register of the United States Land Office as provided herein. 

Sec. 3. That the rights of way hereby granted shall not be effective over 
any land upon which homestead, mining or other existing valid claims shall 
have been filed or made until the City of Los Angeles shall have procured 

proper relinquishments of all such entries and claims, or acquired title by due 
process of law and just compensation paid to said entry men or claimants and 
caused proper evidence of such fact to be filed with the Secretary of the In- 
terior: Provided, however. That this Act shall not apply to any lands embraced 
in rights of way heretofore approved under any Act of Congress, nor affect the 
adjudication of any pending applications for rights of way by the owner or 

owners of existing water rights, and that no private right, title, interest or 
claim of any person, persons or corporation, in or to any of the lands traversed 
by or embraced in said right of way shall be interfered with or abridged, 
except with the consent of the owner or owners or claimant or claimants 
thereof, or by due process of law, and just compensation paid to such owner 
or claimant. 

Sec. 4. That the City of Los Angeles shall conform to all regulations 
adopted and prescribed by the Secretary of Agriculture governing the forest 
reserves, and shall not take, cut or destroy any timber wf^hin the forest 
reserves, except such as may be actually necessary to remove to construct its 
power plants and structures, poles and fiumes, storage dams and reservoirs, and 
it shall pay to the Forest Service of the Department of Agriculture the fuU 
value of all timber and wood cut, used or destroyed on any of the rights of 
way and lands within forest reserves hereby granted: Provided, further. That 
the city shall construct and maintain in good repair bridges or other practicable 
crossings over its rights of way within the forest reserves when and where 
directed in writing by the Forester of the United States Department of Agri- 
culture, and elsewhere on public lands along the line of said works as required 
by the Secretary of the Interior; and said grantee shall, as said water works 
are completed, if directed by the Secretary of the Interior, construct and 
maintain along each side of said right of way a lawful fence as defined by the 
laws of the State of California, with such lanes or crossings for domestic 
animals as the aforesaid officers shall require: Provided further, That the 
City of Los Angeles shall clear its rights of way within forest reserves of any 
debris or inflammable material as directed by the Forester of the United States 
Department of Agriculture: Provided further, That the said city shall aUow 
any wagon road which it may construct within forest reserves to be freely 
used by forest officers and the officers of the Interior Department and by the 
public, and shall allow to the Forest Service of the United States Department 
of Agriculture and to the officers of the Interior Department, for official busi- 
ness only, the free use of any telephones, telegraphs or electric railroads it 
may construct and maintain within the forest reserves or on the public lands, 
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together with the right to connect with any such telephone lines, private tele- 
phone wires for the exclnsive nse of said Forest Service or of the Interior 
Department: And provided further. That the Forest Service may, within 
forest reserves, protect, nse and administer said land and resources within said 
rights of way under forest reserve laws and regulations, but in so doing must 
not interfere with the full enjoyments of the right of way by the City of Los 
Angeles: And provided further, That in the event that the Secretary of the 
Interior shall abandon the project known as the Owens Elver project for the 
irrigation of lands in Inyo County, California, under the Act of June seven- 
teenth, nineteen hundred and two, the City of Los Angeles, in said State, is 
to pay to the Secretary of the Interior, for the account of the reclamation fund 
established by said Act, the amount expended for preliminary surveys, exam- 
inations and river measurements, not exceeding fourteen thousand dollars, 
and in consideration of said payment the said City of Los Angeles is to have 
the benefit of the use of the maps and field notes resulting from said surveys, 
examinations and river measurements, and the preference right to acquire at 
any time within three years from the approval of this Act any lands now 
reserved by the United States under the terms of said Reclamation Act in con- 
nection with said project, necessary for storage or right of way purposes, upon 
filing with the register and receiver of the Land Office in the land district 
where any such lands sought to be acquired are situated a map showing the 
lands desired to be acquired, and upon the approval of said map or maps by 
the Secretary of the Interior and upon the payment of one dollar and twenty- 
five cents per acre to the receiver of said Land Office, title to said land so 
reserved and filed on shall vest in said City of Los Angeles, and such title 
shall be and remain in said city only for the purposes aforesaid, and shall 
revert to the United States in the event of the abandonment thereof for the 
purposes aforesaid: Provided, however. That the terms of this Act shall not 
apply to any lands upon Bishop Creek or its branches in said County of Inyo. 

Sec. 5. That all lands over which the rights of way mentioned in this 
Act shaU pass shall be disposed of subject to such easements; Provided, how- 
ever. That if construction of said water works shall not have been begun in 
good faith within five years from the date of approval of this Act, or if after 
such period of five years there shall be a cessation of such construction for a 
period of three consecutive years, then all rights hereunder shall be forfeited 
to the United States. 

Sec. 6. That the City of Los Angeles is prohibited from ever selling or 
letting to any corporation or individual, except a municipality, the right for 
such corporation or individual to sell or sublet the water sold or given to it or 
him by the city. 

Sec. 7. That the right to amend, alter or repeal this Act at any time is 
hereby reserved. 

Approved June 30, 1906. 
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APPENDIX D. 



nrVESTIGATIOK or THE HTDBOOSAPHT OF OWENS VALLEY FOB 
THE PUBP08E OF DETEBMININa THE AMOUNT AND MOST 
EFFICIENT METHOD OF HANDLING THE WATER SUPPLY AVAIL- 
ABLE FOB DIVERSION BY THE LOS ANGELES AQUEDUCT.* 



By C. H. Lee. 

The growth of the City of Los Angeles has been a phenomenal one. During 
the last four years the population has doubled and is at the present time about 
240,000. Diagram 1 has been prepared from such reliable data as is available, 
to show the increase of population during the past 26 years and forecast its 
growth for the next nineteen years. Los Angeles is still a young city and 
there are so many uncertain factors which may or may not influence its future 
growth that it is almost impossible to make any estimate at all. It is thought 
that the present rate of increase of 36,700 per year is in excess of the probable 
future rate and a more conservative estimate has been made of 25,700 per year. 
This will make the population 700,000 in 1925, while the present rate, if con- 
tinued, would bring it to 925,000 in the same year. 

As with all American cities, the question of obtaining adequate water 
supply is one which is ever present. The problem which Los Angeles has to 
meet is especially grave, located as it is in a semi-arid country, where the 
sourees of water supply are meager and the per capita rate of consumption 
large. Its present supply is fast becoming insufficient to meet the demands 
of a rapidly increasing population, as can be seen by consulting the Third and 
Fourth Annual Beports of the Water Commissioners. 

There is a rather unique feature about the monthly variation in the con- 
sumption of water by the City of Los Angeles. Throughout the summer 
months, from May to the commencement of the rainy season, the rate is high 
and is sustained with remarkable uniformity. At the commencement of the 
rainy season it drops and remains fairly uniform until the following May. As 
the city does not depend to any extent on storage, but on the surface and 
underground flow from the San Fernando Valley, the adequacy of the supply 
in the past has been judged by a comparison of the summer flow of the Los 



•Diagrams relative to hydrography given in body of this report apply to 
this report and were prepared by Mr. Lee. 
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Angeles Siver with the summer consumption rate. On Diagram 2 will be 
found plotted the total daily summer consumption for the years 1901 to 1906, 
inclusive. By comparison with the population curve it will be found that the 
per capita daily rate has been decreasing during this period from over 210 
gallons in 1901 to 190 gallons in 1906, as the result of partial metering. It is 
estimated that the per capita daily rate can be reduced to as low as 150 gallons 
by thorough metering. On the basis of a population of 700,000 in 1925, and 
the present and estimated future per capita daily rate of consumption, the curve 
has been projected into the future. If the present rate continues the total 
daily consumption in 1925 will be 133,000,000 gallons or 87,000,000 gallons in 
excess of the present daily consumption. Expressed in second-feet this means 
that an additional summer flow of 135 second-feet will be required. The more 
conservative rate of 150 gallons per capita per day will require an addition 
of 91 second-feet for a population of 700,000 people. 

The problem is further complicated by the existence of several suburban 
towns of considerable size in the vicinity of Los Angeles whose present water 
supplies are already inadequate and which soon must look to the city for help. 
In addition to the demands of an urban population, there are lying idle in the 
vicinity of the city about 190,000 acres which could be profitably cultivated 
with the application of water. It is estimated in the Fourth Annual Beport of 
the Water Commissioners that this area would require a continuous flow 
throughout the year of 525 second-feet. The report also estimates the demand 
of Pasadena and Hollywood in 1925 at 14 second-feet continuous flow. To 
meet these various demands there would be required a continuous flow of 674 
second-feet. 

A thorough study of the various sources of supply within a radius of 100 
miles of the city has been made, account of which may be found in the Fourth 
Annual Beport of the Water Department. The conclusion there reached is 
that there is no supply in Southern California which wise economy would allow 
the city to draw upon, even if there were one of sufficient size to permanently 
supply its wants, which is not the case. If the city is to continue its present 
rate of growth, therefore, or even grow at all, water must be obtained beyond 
the mountain boundaries of Southern California. The nearest of such sources 
is Kern Biver, all of the flow of which is already used in the development of 
power and the irrigation of the rich Kern delta lands. 

The only possible adequate supply which remains within reach of the city 
is the flow of the Owens Biver and its tributaries. The following report is a 
study of the topographic and hydrographic features of the Owens Valley in so 
far as they will influence the city's supply, and the development of a general 
scheme for handling the waters available for diversion. 

QEOaBAPHY. 

The Owens Valley is situated in East Central California in the counties of 
Mono and Inyo. It has a general north and south trend and extends from the 
low Deadman Divide just south of Mono Lake to a point about 10 miles south 
of Owens Lake. It lies between two parallel ranges of high mountains, the 
Sierra Nevada on the west and the White, Inyo and Coso on the east. The 
valley proper has a length of about 80 miles, a maximum width of eight miles 
and approximate area of 400 square miles. 
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TOPOGBAPHT. 

The average elevation of the floor of the valley is 3900 feet, with a grade 
from Bishop to Owens Lake, a distance of 75 miles, of 11 feet to the mile, 
^orth of Bishop the grade is much steeper. A striking feature of the valley 
topography is the precipitous slope with which the paralleling mountain ranges 
Tise from the valley floor to elevations of 10,000 to 14,000 feet. This is espe- 
cially marked on the west, where the crest of the range has an average height 
of 12,000 feet, more than 40 peaks of which exceed an elevation of 13,000 feet, 
of which the highest is Mt. Whitney with an elevation of 14,500 feet. The 
difference in elevation of Mt. Williamson and the nearest point in the valley 
trough, which is 12 miles distant, is 10,660 feet. On the east the average 
elevation of the crest is 10,000 feet, with slopes almost as precipitous as those 
on the opposite side of the valley. 

DBAINAQE. 

The drainage system of the Owens Valley is best studied in relation to the 
controlling feature of the topography of California south of the Mount Diablo 
Meridian; namely, the Sierra Nevada Mountains. The range formerly existed 
as a more or less horizontal panaplane. During a great geological upheaval 
of past ages an immense crustal block was tilted up, reaching its greatest 
elevation along a line of faulting represented by the Owens Valley. (For 
detailed geological study of Owens Valley, see Water Supply and Irrigation 
Paper, No. 181.) Ages of weathering and erosion, both of glaciers and water, 
have left the range in its present state. A t3rpical cross-section from west to 
east through Independence shows a gradual rise from the San Joaquin Valley 
to the crest, a distance of about 60 miles, of 12,000 feet, followed by a sudden 
drop of 9500 feet in the next 12 or 15 miles to the level of Owens Valley. The 
ample precipitation on the higher elevations, amounting to more than 50 inches, 
gives rise to numerous streams which in general take a direction at right angles 
to the trend of the range and flow in parallel lines to two main trunk streams 
which in turn are both parallel to the trend of the range. The latter are known 
as the San Joaquin and Owens Elvers and flow in valleys of the same names, 
one northerly into San Francisco Bay, the other southerly into Owens Lake. 
Both rivers are thus characterized by having a series of tributaries entering 
normally from their right bank at a fairly uniform interval, but those entering 
Owens Biver are small and more closely spaced than similar tributaries on the 
other side of the range. The principal tributaries of Owens Eiver are South 
Branch and Bock, Pine, Bishop, Big Pine, Tinemaha, Taboose, Oak, Shepard, 
Independence, Lone Pine and Cottonwood Creeks. They are all torrential in 
character, flowing through deep narrow gorges on the higher slopes and emerg- 
ing lower down on to detrital cones which they have deposited. The run-off 
from the east into the valley is very intermittent and practically negligible. 
As will be seen by a glance at a general map of California (Diagram 3), the 
headwaters of Tuolumne, Kern, Kaweah, Kings, San Joaquin and Merced Eivers 
drain the same crast which tributaries of Owens Eiver drain. 

RAINFALL. 

The Sierra Nevada Mountains, in addition to controlling the drainage lines 
of this region, are also an important factor in rainfall distribution. The storms 
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occurring on the Western Coast of North America have their origin in the 
area of low pressure existing over the North Pacific Ocean. In general their 
frequency of occurrence and magnitude depend on the proximity of this area 
to the coast line, and in the case of the region under consideration, upon the 
position of its southern limits. Individual storms, if they do not pass east 
over Washington, Oregon and Northern California, travel on down the coast in 
a southeasterly direction. The Sierras seem to act as a barrier to their general 
eastern direction and the storm center continues southward until out of their 
influence. As these storms reach up on to the cool slopes of the Sierra, con- 
densation occurs, resulting in a greatly increased precipitation which varies 
quite closely with the elevation. A cross-section of California normal to the 
trend of the Sierra passing through the towns of Monterey, Merced and Haw- 
thorne, Nevada, upon which have been plotted the mean annual rainfall in 
inches at various elevations, shows this very clearly. It also emphasizes the 
fact that the run-off of Owens Biver tributaries is derived entirely from the 
precipitation upon and just east of the crest of the Sierra. This all occurs in 
th% form of snow and expressed as an equivalent depth of rainfall, would 
probably exceed 50 inches per annum. Precipitation in the Owens Yalley is 
very light and is largely fr^m detached local storms. The study of rainfall in 
relation to the run-off of the Owens Yalley can best be made, therefore, west 
of the crest of the Sierra Nevada Mountains. For this purpose the various 
stations at which precipitation records are available have been grouped as 
follows: Valley Group, containing all representative stations situated on the 
east side of the San Joaquin Valley from Stockton to Bakersfield; Foothill 
Group, containing similar stations in the West Sierra foothills from Oleta to 
Kernville; Tehachapi Mountain Group, containing stations on the line of the 
S. P. By. from Caliente to Mohave and also Ft. Tejon; and the Owens Valley 
Group, containing all stations in that region. For reasons obvious to any one 
who has studied rainfall and run-off in regions characterized by distinctive 
wet and dry periods, the rainfall records have all been computed by seasons 
extending from September 1st to August 31st, and it is assumed that the rain- 
fall of a season produces the run-off of the following calendar year. For the 
purpose of comparing the rainfall at the various valley and foothill stations, 
the mean seasonal rainfall at each station for the period of observation has 
been obtained. The per cent variation of the rainfall at each station from this 
mean was then computed for each season. It was found that their percentages 
showed a remarkable uniformity. A mean of the percentages for all stations 
in each group was obtained for each season, therefore, and plotted on Diagram 
5. Comparison of the two groups also shows considerable uniformity and gives 
weight to the supposition that precipitation in the high Sierras has a seasonal 
variation similar to that of the lower slopes and valley. The Tehachapi and 
Owens Valley groups have only a general similarity to the above groups and 
the latter especially is quite erratic, due probably to local storms of great 
intensity which occur in summer. 

EVAPORATION. 

The rate of evaporation is an especially important item in the study of 
the proposed conduit, on account of the loss which will occur from the large 
area of exposed water surface in a desert region. The great length of the 
conduit and the varying climatic conditions as regards temperature, humidity 
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and wind movements, which are encountered, make it difficult, however, to 
determine this loss. In Table 1 will be found all evaporation records which 
have been made at points in the general vicinity of the conduit and having 
similar climatic conditions. In addition, the following data has been obtained: 
The mean yearly depth of evaporation at Sweetwater Reservoir, near San 
Diego, Cal., for eight seasons, 1889-1896 and 1897-1898, is 4.5 feet, and a mean 
for several years from the surface of Owens Lake about the year 1895 is said 
to be 6.5 feet. Computations made on the inflow and observed variation of 
surface level of Owens Lake during 1904 indicate a slightly larger amount, 
however. The lake level has lowered 16 feet from 1894 to 1904, inclusive. 
During 1902, 1903 and 1904, it has lowered at the rate of 2.5 feet per year. 
The area of water surface exposed late in 1904 was 75 square miles. Assuming 
that the mean exposed area for the year was 80 square miles, the total loss by 
subsidence was 80x640x2.5^128,000 acre-feet. The Government measurement 
of waste water passing Citrus during 1904 was 221,970 acre-feet, and there is 
little loss between here and the lake. The total evaporation loss was, therefore, 
349,970 acre-feet, which expressed in depth over the mean exposed surface 
is 6.8 feet. 

TABLE 1. 

Evaporation at Various Places Having Climatic Characteristics Similar to 

Those Encountered on the Conduit Line. 

Kings Eiver 
at 
Bishop. Palmdale. Yuma. Lake Tahoe.* Kingsburg. 

Month. Year. Year. Year. May 1900 Nov. 1881 

to to 

1904. 1898. 1904. Dec. 1901. Nov. 1885. 

Feet. Feet. Feet. Feet. Feet. 

January 349 .2461 .300 .073 .066 

February 184 .27U .375 .058 .101 

March 373 .54U .515 .064 .204 

April 534 .667$ .780 .104 .213 

May 933 .790 .828 .177 .281 

June 657 .890 .843 .298 .483 

July 580 .933 .850 .333 .628 

August 436 .833 .657 .485 .721 

September 319 .983 .533 .300 .541 

October 235 .542 .586 .200 .339 

November 21U .271 .368 .145 .176 

December 212t .246 .159 .115 .099 

Total 5.00 7.213 6.794 2.352 3.851 

It has been assumed that the record at Palmdale, located near the conduit 
line in the Antelope Valley, is applicable from the diversion point to the Sierra 
Madre Mountains, and the Sweetwater record at the Fernando Eeservoirs. The 
former is amply large, as a glance at the table shows, and the latter is the 
best record available for San Fernando Valley conditions. For purposes of 
computing the total evaporation loss from conduit and reservoirs the following 
assumptions are made: 

'I ^ ■!»■!■ ^11 ■___ 

'Checked by observations on inflow and outflow. 
{Estimated. 



97 



canal will be uncovered throughout its entire length. 
^ mean surface exposed to evaporation at Haiwee is that for a two- 
^ reservoir capacity, that at Fernando from a full reservoir. 

3. The length from conduit heading to Haiwee Beservoir = 60 miles. 

4. Length of conduit, Haiwee to Fernando Beservoirs = 140 miles. 

5. Average width of exposed water surface in conduit = 15 feet. 



The areas from which evaporation loss occur are, therefore: 



Conduit from Heading to Haiwee 
Conduit Haiwee to Fernando 
Haiwee Beservoir 
Fernando Beservoir No. 1 
Fernando Beservoir No. 2 



109 acres. 
254 acres. 
1424 acres. 
480 acres. 
500 acres. 



As the necessary conduit capacity below Haiwee should be as small as 
possible, the total exposed water surface has been assumed to be separated into 
two parts by the dam at the lower end of Haiwee Beservoir. The area of the 
upper section is 1533 acres; the effective area of the lower one exposed to a 
seven-foot yearly evaporation is 884 acres, obtained by reducing the total area 
of Fernando Beservoirs Nos. 1 and 2, by the factor 4.5 -r- 7 and adding to the 
conduit area. Using the evaporation depth under desert conditions given in 
Table 2, and the above areas, the last four columns of this table have been 
computed. These quantities will be useful later. 



TABLE 2. 

Assumed Depth of Evaporation in Desert Areas Traversed by Conduit and 
Besulting Loss From an Effective Exposed Water Surface of 2417 Acres 
Formed by Conduit, and Haiwee and Fernando Beservoirs. 



Depth 
of 
Month. Evaporation. 

feet. 

January 25 

February .25 

March 50 

April 65 

May 75 

June 90 

July 90 

August 90 

September 85 

October 55 

November 25 

December 25 

Total 7.00 

Mean 



Evaporation 

loss from 

total water surface. 

acre-ft. second-ft. 



16,915 



Evaporation loss from 

6o mile 140 mile 

canal and canal and 

Haiwee R. Fernando R. 

sea -ft. sec. -ft. 



604 


10 


6 


4 


604 


11 


7 


4 


1,208 


19 


13 


6 


1,570 


26 


17 


9 


1,812 


29 


19 


10 


2,175 


36 


23 


13 


2,175 


34 


22 


12 


2,175 


34 


22 


12 


2,054 


34 


22 


12 


1,330 


21 


14 


7 


604 


10 


6 


4 


604 


10 


6 


4 



23 



15 



8 
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Knowledge of the flow of Owens Valley streams is very meager, previous 
to the time that the United States Geological Survey began systemtic measure- 
ments in connection with a Beclamation Project. The best that can be done is 
to study the measured and estimated flow of streams having adjacent water 
sheds. 

During August, 1903, stations were established on Owens Biver, Bock 
Creek and Pine Greek at Bound Valley, Bishop Creek at Bishop and all canals 
in the Owens Valley. In November a station was established on the Owens 
Biver at Citrus to measure the waste water flowing into Owens Lake, and in 
December one on Big Pine Creek. In addition to these regular stations, occa- 
sional measurements were made on the more important creeks, including Hor- 
ton, McGee, Birch No. 1, Baker, Birch No. 2, Tinemaha, Taboose, Division, 
Goodale, Eight Mile, Oak, Independence, Shepard, Georges, Lone Pine, Tuttle, 
Cottonwood and Ash Creeks. These stations were continued until December 
31, 1905, after which date all were abandoned but Owens Biver at Bound 
Valley, Bock, Pine and Bishop Creeks. 

The city proposes to head its conduit on the right bank of the Owens Biver 
two miles south of Charley 's Butte. The streams logically available for diversion 
are, therefore, Owens Biver at that point, which includes waste water and the 
diversion of Stevens and East Side Canals; and all creeks from Taboose to Ash 
inclusive. During 1906 the city has made measurements on all these streams 
and from June to September, inclusive, on Owens Biver at Citrus. The accom- 
panying Tables, Nos. 3-6, show the results of all measurements to date. It will 
be noted that the discharge of Owens Biver at Citrus and of the two canals 
diverting below Charley 's Butte are all given, so that the discharge at the latter 
point can be easily computed. 

TABLE 3. 

Estiiuated Mean Montlily Discharges in Sec.-Ft. for the Year 1904 of Streams 
Entering Owens Biver From Taboose to Ash Creeks, Inclusive. 

Streams. Jan. Feb. Mar. Apr. May. Jne. Jly. Aug. Sep. Oct. Nov. Dec. Mean. 

Stevens Canal... 00 20 21 22 22 (22) (22) (15) 11 8 3 3 14.1 

East Side Canal. 19 24 30 32 34 52 47 40 44 39 40 00 33.5 

Black Bock Sp.. 18 18 18 18 18 18 18 18 18 18 18 18 18.0 

Division Creek.. 112248654544 3. 8 

Cottonwood Ck. 8 8 10 20 20 80 50 15 10 10 10 10 22.5 

Total* 46 71 81 94 118 180 143 93 87 80 75 35 

Taboose 3 3 3 4 6 25 15 10 5 4 3 3 7.0 

Goodale 1 1 2 6 7 11 6 4 2 2 2 2 3.8 

Eight Mile 111235422345 2. 8 

Oak 10 10 10 10 15 30 20 15 12 10 12 8 14.4 

Independence ..2 2 3 4 20 40 25 10 8 8 4 4 10.8 

Shepard 1 1 2 2 2 30 15 8 6 4 2 2 6.2 

Moffit 1 1 1 2 4 12 10 8 1 1 1 1 3.5 

Georges 1 1 1 2 4 25 15 4 3 2 2 2 5.2 

Lone Pine 3 3 4 4 6 30 20 10 6 4 3 3 8.0 

Tuttle 3 3 3 4 4 20 15 8 2 2 2 2 5.7 

Ash 1 1 1 1 3 15 5 3 2 1 1 1 2.9 

Total 27 27 31 41 74 243 150 82 49 41 36 33 

Grand totalt.... 73 98 112 135 192 423 293 175 136 121 111 68 162 
* = Case 1 of diagrams. % = Case 2 of diagrams. 
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TABLE 4. 

Estimated Mean MontUy Discharges in Sec.-Ft. for the Year 1905 of Streams 
Entering Owens Biver From Taboose to Ash Creeks, Inclusive. 

Streams. Jan. Feb. Mar. Apr. May. Jne. Jly. Aug. Sep. Oct. Nov. Dec. Mean. 

Stevens Canal... 3 3 11 5 20 50 50 19 22 20 10 8 16.0 

East Side Canal. 31 27 31 31 32 35 31 24 15 15 12 6 24.2 

Black Rock Sp. . 18 18 18 18 18 18 18 18 18 18 18 18 18.0 
Division Creek.. 4322464322453. 5 

Cottonwood Ck. 8 7 5 4 15 50 30 15 5 5 4 5 13.6 

Total* 64 58 67 60 89 159 133 79 62 60 48 42 

Taboose 3 3 2 2 5 15 12 7 4 4 4 5 5.5 

Goodale 3 2 2 2 5 9 6 4 2 1 1 1 3.2 

Eight Mile 321124221113 1.9 

Oak 6 6 6 6 10 30 20 14 10 8 10 6 11.0 

Independence ..4 3 3 3 10 44 24 11 5 3 4 4 9.8 

Shepard 2 1 1 3 7 12 7 4 2 1 2 2 3.7 

Moffit 1 0.5 0.5 1 3 7 4 2 0.5 0.5 0.5 1 1.8 

Georges 2 2 1 2 5 18 7 4 2 1 1 1 3.8 

Lone Pine 3 2 2 2 5 30 30 15 4 3 3 2 8.4 

Tuttle 2 1 1 2 4 11 11 5 3 3 3 5 4.2 

Ash 1 1 0.6 1 2 8 2 1 0.5 0.5 0.5 1 1.6 

Total 30 23.5 20 25 58 188 125 69 34 26 30 31 

Grand totalt .... 94 81.5 87 85 147 347 258 148 96 86 78 73 132 

* = Case 1 of diagrams. 
t = Case 2 of diagrams. 
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and wind movements, which are encountered, make it difficult, however, to 
determine this loss. In Table 1 will be found all evaporation records which 
have been made at points in the general vicinity of the conduit and having 
similar climatic conditions. In addition, the following data has been obtained: 
The mean yearly depth of evaporation at Sweetwater Reservoir, near San 
Diego, Cal., for eight seasons, 1889-1896 and 1897-1898, is 4.5 feet, and a mean 
for several years from the surface of Owens Lake about the year 1895 is said 
to be 6.5 feet. Computations made on the inflow and observed variation of 
surface level of Owens Lake during 1904 indicate a slightly larger amount, 
however. The lake level has lowered 16 feet from 1894 to 1904, inclusive. 
During 1902, 1903 and 1904, it has lowered at the rate of 2.5 feet per year. 
The area of water surface exposed late in 1904 was 75 square miles. Assuming 
that the mean exposed area for the year was 80 square miles, the total loss by 
subsidence was 80x640x2.5=128,000 acre-feet. The Government measurement 
of waste water passing Citrus during 1904 was 221,970 acre-feet, and there is 
little loss between here and the lake. The total evaporation loss was, therefore, 
349,970 acre-feet, which expressed in depth over the mean exposed surface 
is 6.8 feet. 

TABLE 1. 

Evaporation at Various Places Having Climatic Characteristics Similar to 

Those Encountered on the Conduit Line. 

Eangs River 
at 
Bishop. Palmdale. Yuma. Lake Tahoe.* Kingsburg. 

Month. Year. Year. Year. May 1900 Nov. 1881 

to to 

1904. 1898. 1904. Dec. 1901. Nov. 1885. 

Feet. Feet. Feet. Feet. Feet. 

January 349 .246t .300 .073 .066 

February 184 .271t .375 .058 .101 

March 373 .541^ .515 .064 .204 

April 534 .6671 .780 .104 .213 

May 933 .790 .828 .177 .281 

June 657 .890 .843 .298 .483 

July 580 .933 .850 .333 .628 

August 436 .833 .657 .485 .721 

September 319 .983 .533 .300 .541 

October 235 .542 .586 .200 .339 

November 21U .271 .368 .145 .176 

December 2121 .246 .159 .115 .099 

Total 5.00 7.213 6.794 2.352 3.851 

It has been assumed that the record at Palmdale, located near the conduit 
line in the Antelope Valley, is applicable from the diversion point to the Sierra 
Madre Mountains, and the Sweetwater record at the Fernando Eeservoirs. The 
former is amply large, as a glance at the table shows, and the latter is the 
best record available for San Fernando Valley conditions. For purposes of 
computing the total evaporation loss from conduit and reservoirs the following 
assumptions are made: 

•Checked by observations on inflow and outflow. 
tEstimated. 
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TABLE 6. 

Estimated Monthly Discharge of Owens Biver at Citrus for Years 1 

1905 and 1906. 



Month. 
January 
February- 
March 
April . 
May .. 
June .. 
July .. 
August 
September 
October .. 
November 
December 
The year, 



Year 1903. 

Discharge in s. f . 
Max. Min. Mean. 



Total in 
acre-feet. 



210 
280 



January ...418 
February ..720 

March 508 

April (289) 

May (99) 

June 508 

July 337 

August .... (14) 
September .. 42 
October ... .172 
November ..233 
December ..319 
The year.. 720 



127 
202 



184 
236 



Year 1905. 

282 369 

376 540 

301 (383) 

(99) (167) 
(49) (70) 

(49) (229) 

175 



(0) 
(14) 

42 

172 

292 





(6) 
(22) 

107 

219 

301 

(216) 



10,949 
14,511 



22,690 
29,990 
(23,560) 
(9,940) 
(4,300) 
(13,610) 
10,760 
(369) 
(1,310) 
6,579 
13,030 
18,510 
(154,648) 



Year 1904. 

Discharge in s. f . 
Max. Min. Mean. 



300 
372 
585 
472 
385 
790 
585 
510 
385 
560 
410 
410 
790 

*575 
♦423 
*664 
*486 
*260 
1486 
2610 
2216 
700 



280 

187 

195 

2 

2 

210 

165 

230 

35 

360 

360 

335 

2 



290 
268 
290 
160 
77 
572 
350 
318 
125 
451 
388 
378 
306 



Tota 
acre-i 

17 

15 

17 

9 

4 

34 

21 

19 

7 

27 

23 

22 

221 



*250 

*288 

♦261 

♦193 

♦137 

190 

1515 

730 

352 



Year 1906.§ 
♦415 
♦339 
♦422 
♦368 
♦175 

679 
2183 
1208 

448 



2£ 

2t 

21 

IC 

4C 

13^ 

74 

2( 

(20, 

(25, 

(31, 

451 



♦Computed by subtracting mean monthly discharge of Stevens and 
Side Canals from discharge at Charlies Butte. 

§Mea8urement8 made by City of Los Angeles — ^Jan. 1 to Oct. 31st. 
Quantities in parenthesis estimated. 



I02 



i -s 










— ^2» '■ 






I In 








:£2 : : : 




1 - 












i^ : : 


i 2 










355313 


laliiSl; 


i '1 








S« 


s5 : ; 


i :|" 


1 :i" 












1 i 

B j3 










mi5 


;e2£2 


1 «i 
















f s 
















-^ !i^^ 










S2S2 ■ 




S2 


? hu 
















1 tra 












s^. 




5 l« .1" 










S"^^"^ 




p ;i 








£« 








1 2 












2*0 




1 A 










IS§« ■ 




Sd 


3 Is 








s* 








" i 












§- 




in 
• 2 










^ajpoq-q 


:fr'=^s* 


















1 ^i 












"■* 




T*blo of Dla 
Month. 


i 


1 


1 

3 


* a 


idl 


o 1 


! 

1 



s 










:S=-2" 








^i 










S^ : : 








2 














S-; 




11 

ft " 










:=2|i 




:c."^ : 


■2 2 










sssi 1 








as 


















1 A 










:?2fd 








1 a 










2^ : ■ 








I 2 














S'^ 




g ii 










IeSsS 




:g'".S"^ 


a "-r 


















3| 














S"'^ 




5 - 


















Is 

8 2 










woJ 








"S 














IS 




1 










■ ^o^B 








?i 
















-; 


1 














3<5 


1 


1 


1 


1 

is 


1 


ml 


1 


.- 1 
1 1 


1 

B 

1 



The mean monthly discharge of the creeks was estimated from the occa- 
sional measurements shown in Table 7, and a knowledge of the daily variation 
in flow of Bishop, Pine and Bock Greeks. The accuracy of the estimate may be 
judged from Diagram 6, in which the mean flow for the ye«r and the area of 
the water shed of each stream are plotted, assuming that th«^ run-off per square 
mile of each shed is nearly uniform and that the percentage lost by seepage 
between the mouth of the canyon and the point of measurement is the same for 
each stream. This latter assumption is not strictly true, but the loss is greatest 
during the low stages of the streams and their flow at such times has little 
weight in the mean flow for the year. The following data relative to loss by 
seepage was obtained in the fall of 1906. Measurements were made at the 
month of the canyon and at the regular gaging station, and the per cent loss 
was based on the flow at the former place: Georges Creek, Oct. 30, loss 35%; 
Independence Creek, Sept. 11, loss 7%; Lone Pine Creek, Oct. 23, loss 17%; 
Oak Creeky Aug. 20, loss 32%; Taboose Creek, Dec. 8, loss 33%; Oak Creek, 
Nov. 19, loss 26%; Shepard Creek, Nov. 14, loss 35%. A tabulation of the 
drainage areas of the creeks from Taboose to Ash as obtained from United 
States Geological Survey topographic sheets is also given. 

DEAINAQE ABEAS OF OBEEES DBAININQ THE 8IEBBA FBOM 

TABOOSE TO ASH CBEEK. 



Creek. Total Area. 

Square miles. 

Taboose 7.1 

Goodalc 8.5 

Division 7.0 

Eight Mile 7.5 

Oak 26.1 

Independence 19.2 

Shepard 12.5 

Moffit 7.0 

Georges 9.8 

Lone Pine 14.0 

Tuttle 8.5 

Cottonwood 42 . 6 

Ash 14.7 



Area above 
8000 feet. 
Square miles. 

6.1 

6.0 

4.4 

6.2 
14.5 
13.7 
11.6 

5.7 

9.1 
12.6 

7.3 
36.3 

9.1 



The creeks of this series having the most well sustained flow in low water 
period are Taboose, Division, Eight Mile and Cottonwood. Those having 
^^fgest total yearly discharges are Taboose, Oak, Independence, Lone Pine 
^^d Cottonwood. 

Diagram 7, shows graphically the daily amount of water in second-feet 
^Mch could have been diverted during 1904, 1905 and 1906 from the logically 
available streams by a canal of the capacity suggested later in this report, and 
*l8o the amount of water lost during flood periods, part of which is available 
^or storage at Long Valley. 
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occurring on the Western Coast of North America have their origin in the 
area of low pressure existing over the North Pacific Ocean. In general their 
frequency of occurrence and magnitude depend on the proximity of this area 
to the coast line, and in the case of the region under consideration, upon the 
position of its southern limits. Individual storms, if they do not pass east 
over Washington, Oregon and Northern California, travel on down the coast in 
a southeasterly direction. The Sierras seem to act as a barrier to their general 
eastern direction and the storm center continues southward until out of their 
influence. As these storms reach up on to the cool slopes of the Sierra, con- 
densation occurs, resulting in a greatly increased precipitation which varies 
quite closely with the elevation. A cross-section of California normal to the 
trend of the Sierra passing through the towns of Monterey, Merced and Haw- 
thorne, Nevada, upon which have been plotted the mean annual rainfall in 
inches at various elevations, shows this very clearly. It also emphasizes the 
fact that the run-off of Owens Biver tributaries is derived entirely from the 
precipitation upon and just east of the crest of the Sierra. This all occurs in 
th% form of snow and expressed as an equivalent depth of rainfall, would 
probably exceed 50 inches per annum. Precipitation in the Owens Valley is 
very light and is largely fr^m detached local storms. The study of rainfall in 
relation to the run-off of the Owens Yalley can best be made, therefore, west 
of the crest of the Sierra Nevada Mountains. For this purpose the various 
stations at which precipitation records are available have been grouped as 
follows: Valley Group, containing all representative stations situated on the 
east side of the San Joaquin Valley from Stockton to Bakersfield; Foothill 
Group, containing similar stations in the West Sierra foothills from Oleta to 
Kernville; Tehachapi Mountain Group, containing stations on the line of the 
S. P. By. from Caliente to Mohave and also Ft. Tejon; and the Owens Valley 
Group, containing all stations in that region. For reasons obvious to any one 
who has studied rainfall and run-off in regions characterized by distinctive 
wet and dry periods, the rainfall records have all been computed by seasons 
extending from September 1st to August Slst, and it is assumed that the rain- 
fall of a season produces the run-off of the following calendar year. For the 
purpose of comparing the rainfall at the various valley and foothill stations, 
the mean seasonal rainfall at each station for the period of observation has 
been obtained. The per cent variation of the rainfall at each station from this 
mean was then computed for each season. It was found that their percentages 
showed a remarkable uniformity. A mean of the percentages for all stations 
in each group was obtained for each season, therefore, and plotted on Diagram 
5. Comparison of the two groups also shows considerable uniformity and g^ves 
weight to the supposition that precipitation in the high Sierras has a seasonal 
variation similar to that of the lower slopes and valley. The Tehachapi and 
Owens Valley groups have only a general similarity to the above groups and 
the latter especially is quite erratic, due probably to local storms of great 
intensity which occur in summer. 

EVAPORATION. 

The rate of evaporation is an especially important item in the study of 
the proposed conduit, on account of the loss which will occur from the large 
area of exposed water surface in a desert region. The great length of the 
conduit and the varying climatic conditions as regards temperature, humidity 
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of the crest adjacent to the principal tributaries of the Owens Eiver, but meas- 
urements are not available of its flow. Of the other streams Kings Biver is 
the most representative of Owens Valley streams and discharge measurements 
of its flow covering 16 years are available. On Diagram 5 will be found plotted 
the averaged variation from the normal of the seasonal precipitation at all 
stations in the valley and foothill groups, together with the percentage variation 
from the normal of the measured run-off of Kings River. A close similarity is 
observed, especially if the details of the distribution and intensity of storms 
occurring during each season is examined. The rainfall of the seasons for 
which gagings are lacking can, therefore, be used as an indication of the run- 
off. An inspection of the diagram shows the run-off for the year 1904 to be 106 
per cent, or 6 per cent in excess of the normal; and 1905, 73 per cent, or 27 
per cent below normal. An estimate of the yearly run-off of Kings River for 
1906 makes the percentage 210, or twice the normal. There is thus one year 
of normal, one of rather small, and one of exceptionally large run-off available 
for accurate study. The diagram also shows that the run-off may exceed the 
normal by 75 per cent or more, once every six or seven years; may be as low 
as half the normal at nine or ten year intervals, and that years of large run-off 
are usually isolated, while years of small run-off often occur in groups of three. 
The latter fact points to the necessity of yearly regulation of the run-off, of 
which a study is made below under the head of **Long Valley Reservoir." 



GENEBAI. SCHEME OF DIVERSION AND STORAGE. 

The purpose which the proposed system of conduits and reservoirs known 
as the Los Angeles Aqueduct is to fulfill, is the delivery of the largest possible 
amount of the available supply of the Owens River and its tributaries at the 
head of the San Fernando Valley, there to be distributed for domestic and 
irrigation uses. The following can be stated as the factors which largely con- 
trol the details of the system: 

1. Available supply for successive intervals of time. 

2. Delivery of as much of the available supply at the head of San Fer- 
nando Valley as wise economy in construction will allow, and in such a manner 
that the summer (May to October, inclusive) draft will be 5-4 and the winter 
draft 3-4 of the mean yearly draft. 

3. Location and capacity of available storage sites to be used, (a) As 
yearly regulators of supply, (b) As monthly regulators of supply, (c) As Regu- 
lators of the final delivery, (d) As reserve supplies in case of accident to the 
main conduit, (e) As settling basins. 

A statement of the supply logically available for diversion during the 
years 1904, 1905 and 1906, is made in Tables 3-6, inclusive. 

The reservoirs available to the city for the purposes outlined above are 
as follows: 

1. Long Valley Reservoir, on the Owens River above Round Valley. Its 
capacity for a 100-foot dam is 83,485 acre-feet; for a 120-foot dam, 160,000 
acre-feet; for a 130-foot dam, 205,000 acre-feet; and for a 140-foot dam, 260,000 
acre feet. This reservoir is well located to serve as a yearly regulator of the 
iupply. 

2. Haiwee Reservoir, on the line of the conduit 60 miles below the head- 
ing and 12 miles below Ash Greek. Its capacity for a 75-foot dam at its lower 
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end is 64,000 acre-feet. This reservoir commands all possible sources of supply 
and is near enough to the heading not to require a great length of conduit of 
the large capacity necessary to carry the flood flow of the streams diverted. 
It thus has an ideal location for a monthly regulator and settling basin. 

3. Fernando Eeservoirs Nos. 1 and 2, at the end of the conduit and at the 
head of the San Fernando Valley. Their combined capacity is 36,600 acre-feet; 
that of No. 1 being 15,940 acre-feet for a 120-foot dam, that of No. 2 being 
20,660 acre-feet for a 130-foot dam. These reservoirs are at a mean elevation 
of 1200 feet and have a splendid location as distributors. In case of a serious 
break on the main conduit the two reservoirs, if full to start with, would furnish 
a 500 second-foot draft for 36 days; a 400 second-foot draft for 46 days, or a 
300 second-foot draft for 61 days. Eeservoir No. 1 alone, if full to start with, 
would furnish 500 second-feet for 16 days, 400 second-feet for 20 days and 300 
second-feet for 26 days. The connecting channels between these reservoirs are 
as follows: From Long Valley to the conduit heading, two miles below Char- 
ley's Butte, the main channel of Owens Eiver; from the heading to Haiwee, a 
canal and conduit of progressively increasing capacity, designed to pick up 
during a normal year as much as possible of the flood flow of the creeks from 
Taboose to Ash, inclusive; from Haiwee to Fernando a conduit of capacity just 
sufficient to carry the mean yearly draft available at the lower end of Haiwee 
Reservoir. 



HAIWEE BESEBVOIB. 

In view of the fact that the necessities of the city twenty years hence 
can be amply supplied by one-half the total flow from sources already con- 
trolled by the city (see Diagram 9, Case 1), it is thought best to postpone the 
construction of the Long Valley Eeservoir until some time in the future, and 
depend upon Haiwee Eeservoir alone for regulation in the meantime. A study 
has, therefore, been made of the relation of supply and various assumed drafts 
at Haiwee Eeservoir, using the discharge records of January, 1904, to Septem- 
ber 30th, 1906, for the purpose of determining the maximum possible draft 
during that period. 

Before going into the details of this, however, it may be stated that the 
inflow at Haiwee is not the total flow of the available sources of supply, for the 
reason that the diversion canal is not designed sufficiently large to carry the 
flood discharge at its crest for the normal year, but the mean monthly flow for 
a month which may be regarded as one of maximum flood flow in a normal year. 
June, 1904, has been chosen as such a month, and on Diagram 8 will be found 
plotted as increments the mean flow of all the logically available sources for 
that month, as they are encountered by the canal, and the corresponding canal 
capacity which will pick up the largest proportion of this supply consistent 
with economy in construction. There is a portion of the flood period in years of 
normal and above normal flow during which the canal cannot carry the total 
available supply and the inflow into Haiwee is limited to 900 second-feet. The 
limits of these periods were carefully defined in the computations upon which 
Diagram 9 is based. It is needless to say that the above condition would not 
exist with Long Valley Eeservoir in operation. 

The method of computation employed is one which has only recently come 
into use (see Eeport on New York *s Water Supply, 1900, by John E. Freeman, 
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page 227), but was adopted on account of its comprehensive adaptability to 
varying phases of the problem. It consists of computing the aggregate dis- 
charge from the source, or sources, of supply from the beginning of a given 
period up to the end of each of the units of time into which the period is con- 
sidered divided, and plotting these aggregates as ordinates of their correspond- 
ing abscissa on the time axis, thus forming a line termed the ''Mass Curve." 
This curve may be used as a basis for computing necessary storage with a 
known draft, but in our case the reverse process will be used, namely, the 
determination of maximum draft from the available supply, the storage capacity 
being given. The discharge has been computed in terms of the acre-foot on 
account of its convenience and almost universal use in water supply computa- 
tions in the West. The time unit was the day, since the flow of Owens Eiver 
has considerable daily variation at certain times of the year, and the records 
are expressed as daily means. The records on the smaller streams are monthly 
means, so that in computing the daily inflow at Haiwee the daily means at 
Charlies Butte were increased by a constant amount during any given month. 
The computations have been made for two cases: First, sources which 
the city controlled to a large extent Sept. 30th, 1906, namely, Owens Eiver at 
Charlies Butte, Black Eock Springs, Division and Cottonwood Creeks; second, 
all logically available sources. On Diagram 9 will be found plotted the Mass 
Curve for both these cases. The draft first considered was that represented by 
the line "A," namely, 300 second-feet winter, and 500 second-feet summer 
draft. Starting with a reservoir full April 1st, 1904, no alarming depletion 
occurs until July 29th, 1905, when the reservoir goes dry. It remains thus until 
Nov. 28th, 1905 (122 days), during which time a deficiency of 69,000 acre-feet 
is accumulated. The reservoir then begins to fill and conditions are safe until 
the end of the period. The large deficiency occurring in a year of not excessive 
droughty and the loss of two-fifths the conduit capacity during one-half the 
year are sufficient reasons for not adopting this draft. Next, a uniform draft 
of 422 second-feet was tried (line B), but this gave a deficiency of 50,000 acre- 
ieet, so was also abandoned. A maximum draft which makes it possible to tide 
over the dry year of 1905 without a deficiency is a uniform flow of 338 second- 
feet. Subtracting the evaporation loss (see Table 2) above the lower Haiwee 
Dam, the draft available from Haiwee is 323 second-feet, which will give a net 
yearly discharge of 315 second-feet available from Fernando Eeservoir, or 395 
second-feet summer flow and 237 second-feet winter flow. 

There are the same objections to the draft represented by line "A" in 
Oase 2 as in Case 1. The 422 second-foot uniform draft is not beyond considera- 
tion, however. Starting with an empty reservoir May 27, 1904, conditions 
x^emain satisfactory until October 7, 1905, when the reservoir goes dry, remain- 
ing thus until January 12, 1906 (94 days), the aggregate deficiency being 14,000 
^kcre-feet. This deficiency can be met by an additional supply of 40 second-feet 
from July 1st, 1905, to January 12, 1906, obtainable either by pumping from 
"klie gravel fill of the Owens Valley or by storage in Long Valley as shown later. 
T?he draft from the lower end of Haiwee Eeservoir is 407 second-feet, and 
*Tom the lower end of Fernando Eeservoirs 400 second-feet, or 500 second-feet 
summer or 300 second-feet winter flow. The maximum draft possible for no 
deficiency at Haiwee is 400 second-feet (line C). This gives a draft at the 
lower end of Haiwee Eeservoir of 385 second-feet, and at Fernando Eeservoir 
of 377 acre-feet, or a summer flow of 470 second-feet and a winter flow of 
^82 second-feet. 

109 



The domestic requirements of Los Angeles and adjacent suburban towns 
20 years hence will probably not exceed one-half of the maximum safe draft 
of Case 1, so that the shortage likely to occur in Case 2, with a 422 second-foot 
gross draft and no storage at Long Valley, need not reduce the city's supplj 
at all, and can be met by the irrigation interests through local pumping or a 
6 per cent reduced use of water during the deficient season, as has been done 
in past years without serious loss. It is considered perfectly safe, therefore, 
to adopt a uniform gross draft of 422 second-feet as that available from the 
sources of Case 2, or their equivalent, and base the design and construction of 
the conduit from Haiwee to Fernando on a capacity of 410 second-feet, with 
the idea in view of the purchase by the city of sufficient rights to make avail- 
able a supply equivalent to that of Case 2, and the ultimate construction of the 
Long Valley Beservoir, which is shown later in this report to be essential to 
the maintenance of this draft. 

LONG VAIiLEY BESEBVOIB. 

• 

It will be valuable at this time to examine the available supply at Long 

Valley and determine the real value of the reservoir as a yearly regulator for 

the system as outlined. For this purpose Table 9 has been prepared from the 

United States Geological Survey records of 1904, 1905 and 1906. The flow ot 

Owens Eiver at Bound Valley is practically the same as that at the Long Valley 

dam site. The table shows, in the first place, that the ratios which the yearly 

discharge of Owens Eiver at Bound Valley and Bock, Pine, Bishop and Big Pi:0® 

Creeks bear individually to their total are nearly equal for the three ye»^ 

mentioned; and furthermore, that the total yearly discharge of Owens Biv^' 

at Bound Valley is practically the same as that at Citrus for normal and d.^T 
years and less in years of large run-off. Since there are no diversions from tl*® 
Owens Eiver above its junction with Bock and Pine Creeks, the latter coj^" 
elusion can be interpreted to mean that the flow of Bock, Pine, Bishop and 3^S 
Pine Creeks is sufficient and can be diverted to supply present irrigation ^^ 
mands in the upper end of the valley in dry and normal years, and that, 5-^ 
years of large run-off, the supply from these streams is in excess of the irri^^" 
tion demand. Therefore, the amount of water available for storage at JjoTM-g 
Valley Beservoir is that which would pass Citrus as waste water if the city ^* 
diversion was made at Charlies Butte, minus the flow from the above fo'K^' 
creeks not diverted in wet years. 

TABLE 9. 

Analysis of Total Discharge of Principal Tributaries of Owens Biver r^^ 

1904 and 1905. 



1904. 1905 1906. 

Discharge Percent Discharge Percent. Discharge C»^^^^ 

in of in of in o^^ 

Streams. Acre-feet. Total. Acre-feet. Total. Acre-feet. Tot^»J* 

Owens Biver at 

Bound Valley.. 208,461 55.0 156,600 55.0 260,200 4^ -« 

Bock Creek 29,289 7.7 18,990 6.7 46,383 * -^ 

Pine Creek 24,634 6.5 11,990 4.2 32,361 « -0 

Bishop Creek 80,989 21.5 59,580 21.0 119,801 2» -2 

Big Pine Creek.... 35,417 9.3 38,608 13.5 •80,800 •l^ ^0 

Total! 378,790 100 . 285,768 100 . 539,545 10(^ - ^ 

Owens Biver at Cit- 
rus 221,970 59.0 154,648 54.0 455,163 84:-^ 

t = All creeks south of Big Pine are neglected. Their total would '^^ 
about 10% of the totals above. 
* =s Estimated. 
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The following analysis points to the fact that this water available for 
storage at Long Valley Beservoir is equal to that in excess of the normal mean 
yearly flow at Citrus or at Bound Valley. In other words, if present conditions 
remain constant in the Owens Valley as regards irrigation diversions, the city's 
proposed gross draft of 422 second-feet can be maintained permanently as long 
as the mean yearly flow at Bound Valley is maintained at its normal value. 
First, the mean daily flow of the Owens Biver at Citrus from May 27, 1904, to 
January 12, 1906 (the interval of time between two empty reservoirs at Haiwee 
and not including a period of large run-off), was 272 second-feet. Add to this 
14 second-feet, which is equivalent to the deficiency of 14,000 acre-feet at 
Haiwee expressed as a continuous flow for the period, and there results 286 
second-feet as the mean flow for the 19 months' period elapsing between two 
consecutive similar reservoir phases at Haiwee. Assuming then that the avail- 
able flow of the small streams from Taboose to Ash was as low in 1905 as it 
ever will be, the equivalent of a mean yearly flow of 286 second-feet past 
Citrus plus the total discharge of all creeks from Taboose to Ash, plus the 
diversions of the Stevens and East Side Canals, would be sufficient to sustain 
a continuous draft of 422 second-feet. Secondly, in the first part of this report 
the possibility of applying the per cent variations of the run-off from the 
normal of Kings Biver to Owens Biver conditions was favorably discussed. 
These percentages were 106 in 1904 and 73 in 1905, and the mean flow of 
Owens Biver at Bound Valley for 1904 was 287 second-feet and for 1905 216 
second-feet. Assuming then that the mean flow of Kings and Owens Bivers for 
any year bear the same ratio to the long term yearly mean for the respective 
stream, there results: Mean flow of Owens Biver at Bound Valley for long 
term period equals 287-106 = 270 second-feet, or 216-73 = 296 second-feet, or 
an average of 280 second-feet, which is the probable mean flow for a normal 
year at that point. As a check at Citrus: 306-106 = 288 second-feet, 216-73 = 
296 second-feet, giving an average of 292 second-feet. The flow of Owens 
Biver for a normal year, at Citrus and Bound Valley, is thus practically equal 
and very close to the mean yearly flow, in excess of the discharge of the small 
creeks and two canals, required to sustain a gross draft of 422 second-feet. 

The duty imposed upon the Long Valley Beservoir, therefore, is to maintain 
the mean yearly flow at Bound Valley at its normal value. The only data 
available for an investigation of its ability to perform this duty are the run- 
off percentages of Kings Biver, the rainfall percentages of the Foothill and 
Valley Groups, and the record of fluctuation of the water surface of Tulare 
Lake (see Diagram 10). The two latter extend back to 1850. The mean yearly 
discharges in second-feet of Owens Biver at Bound Valley were computed from 
this data for every year during the period 1850 to 1906. From them has been 
constructed the Mass Curve of Diagram 11. Examination of this curve shows 
that, neglecting the two-year period of excessive drought of 1870 and 1871, the 
maximum storage requirement from 1851 to 1906 is 240,000 acre-feet. As the 
capacity of the Long Valley Beservoir is 260,000 acre-feet for a 140-foot dam, 
the reservoir is competent to perform its function as a yearly regulator. The 
reason for neglecting the period of excessive drought of 1870 and 1871 is 
apparent from Diagram 10, showing fluctuation of Tulare Lake. The lowering 
of the lake level during those years was only five feet, while during the dry 
period 1863 and 1864 the lowering was eight feet, the initial elevation being 
212 feet in both cases. The fluctuation of Tulare Lake depends largely on the 
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run-off of Kings Biver. It is, therefore, fair to suppose that although the rain- 
fall record indicates an excessively dry period for 1870 and 1871, that the run- 
off was not proportionately small and that the period could have been tided 
over without a serious deficiency. 

This study of the Long Valley Eeservoir is not based on actual knowledge 
of the run-off of the streams involved, nor has there been any consideration 
of evaporation loss from the reservoir. For a reservoir capacity of 160,000 
acre-feet which may be considered a mean, the exposed water surface is 500,000 
and with an evaporation rate of three feet the loss would be 15,000 acre-tfeet 
per annum, or 21 second-feet continuous flow. Although the excess flow in wet 
years of Eock, Pine, Bishop and Big Pine Creeks, over and above irrigation 
diversions, can be stored at Haiwee, it has purposely been omitted from the 
above computations so as to leave a margin of safety. There is still much to 
be said, however, in favor of further purchase of existing water rights in the 
upper part of the Owens Valley, and since this report was written, considerable 
has been done in this direction. Table 9 shows that in 1904 the amount of 
water diverted by irrigation canals and entirely consumed to be 156,820 acre- 
feet, or 216 second-feet continuous flow; and in 1905 131,120 acre-feet, or 181 
second-feet continuous flow, or a mean of about 200 second-feet. As these 
amounts were computed by subtracting the total discharge at Citrus from the 
total discharge into the valley, they represent an absolute loss. The purchase 
of even one-half this amount would greatly simplify the operation of the Long 
Valley Reservoir, as well as insure the permanent maintenance of a 422 second- 
foot diversion by the city. 



CONCLUSION. 

The complete system of reservoirs and conduits which is to be known as 
the Los Angeles Aqueduct will consist of (1) the Long Valley Reservoir, at 
the head of the Owens Valley, with a 140-foot dam; (2) the channel of the 
Owens River to Charley's Butte; (3) sixty miles of canal and conduit of 
capacity varying from 700 to 900 second-feet; (4) Haiwee Reservoir, with a 
75-foot dam at the lower end; (5) 140 miles of conduit of 410 second-feet 
capacity; (6) Fernando Reservoir No. 1, of 15,940 acre-feet capacity with a 
120-foot dam; (7) Fernando Reservoir No. 2, of 20,660 acre-feet capacity with 
a 130-foot dam. 

The supply will consist of the Owens River at Charley's Butte as regulated 
by the Long Valley Reservoir plus that of all springs and streams from Taboose 
to Ash Creeks, inclusive, or its equivalent. 

This system will be adequate to deliver from the lower end of Fernando 
Reservoirs a continuous flow of 400 second-feet under the most adverse con- 
ditions, with the possible exception of a dry period of two or more consecutive 
years, which may occur once in fifty years. 

Respectfully submitted, 

CHARLES H. LEE. 

NOTE. — ^Recent surveys have shown the possibility of developing storage 
at the lower end of the conduit in the San Fernando Valley to the extent of 
49,000 acre-feet in addition to that of Reservoirs Nos. 1 and 2. This makes 
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possible a summer draft of 600 second-feet and a winter draft of 200 second- 
feet from all the storage reservoirs at the lower end of the conduit, and would 
eliminate all danger of a shortage due to accident to the main conduit, even 
such as would result from severe earthquake shock. A flow of 500 second-feet 
could be maintained for three months with full reservoirs to start with. 

There has also been located a storage site near Fairmont which can be 
utilized as a daily regulator in connection with the operation of a power plant. 
This will be of great value by making it possible to cany a peak load at the 
power house much in excess of the mean load. 

CHEMICAL CHABACTEB OF OWENS VAUiEY WATEB. 

There have been numerous chemical analyses made of water in the Owens 
Valley, both of the main river and side streams. 

The following six analyses were made of samples taken by H. C. Witmer 
for the Los Angeles Chamber of Commerce during July, 1905. Nos. I, III and 
V were submitted to Wade & Wade, of Los Angeles, and their analysis made 
August 31, 1905. Nos. II, IV and VI were submitted to the Department of 
Agriculture of the University of California. The analysis was made August 
30, 1905, by George E. Colby, and approved by A. J. Wickson, Acting Director. 

I. 

SAMPLE FBOM BLACK BOCK SPBINGS. 

Grains per Gallon. 

Magnesium carbonate 1 . 10 

Calcium sulphate 1.00 

Calcium carbonate 2 . 30 

Sodium chloride . 80 

Sodium (potassium) sulphate, traces of 

iron, alumina, etc 0.70 

Silica 0.40 

Total anhydrous mineral matter 6.30 

Organic matter Inappreciable. 

Note. — Exceptionally pure water. 

V. 

SAMPLE FBOM CHABLEY'S BUTTE. 

Grains per Gallon. 

Magnesium carbonate 2.70 

Calcium carbonate 5.30 

Sodium carbonate 1 . 30 

Sodium chloride 2 . 60 

Sodium (potassium) sulphate, traces of 

iron, alumina, etc 1.10 

Silica 1.10 

Total anhydrous mineral matter 14.10 

Organic matter Inappreciabla 

Note. — Very good water for general purposes. ^ 
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m. 

SAMPLE FBOM LONE PINE. 

Grains per Gallon. , 

Magnesinm carbonate 3.40 

Calcium carbonate 5.20 

Sodium carbonate 2 . 60 

Sodium chloride 5. 00 

Sodium (potassium) sulphate, traces of 

iron, alumina, etc 4. 10 

Silica 2.00 

Total anhydrous mineral matter 22.30 

Organic matter Inappreciable. 

Note.— Fair water. 



GENERAL CHEMICAL ANALYSIS. 

n. VI. IV. 

Owens River Owens River Black 

near Charley 's Rock 

Lone Pine. Butte. Springfi^^. 

Grains per Grains per Grains pe^ 

Gallon. Gallon. Gallon. 

Potassium sulphate, very small, and sodium 

sulphate (Glauber's salt), etc 7.55 5.11 1.2X 

Sodium chloride (common salt) 1 .01 .33 ,VT 

Sodium carbonate (sal soda) 2.22 .68 .37 

Calcium and magnesium carbonates, etc 6 . 88 7 . 93 1 . 05 

Calcium sulphate (gypsum) 2.70 .64 2.15 

Silica 2.33 1.22 1.75 

Organic matter, all three **char" and chem. 

combined water 1 . 05 .99 .87 

Total 23.74 16.90 7.57 



SANITARY ANALYSIS. 



Grains per gallon 

Mark of "^^^^^ 
I^atc Q *I1,° Rcsi- Chlorin 

Sample ^^^ 

n. 

Aug. 30. Owens River 
near Lone 
Pine 23.74 .60 

VI. 
Aug. 30. Owens River 
at Charley 's 
Butte 16.90 .20 

IV. 
Aug. 30. Black Rock 

Springs 7.57 .10 



Parts per million 

Ammonia J^^f^l. Nitr- 
Free Albumin-*?"""*.*? ates 



.110 



.100 



.044 



.184 2.80 none 



.170 1.60 none 



Nitr- 
ates 
NaOs 



none 



none 



.064 0.80 none none 
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The following three samples were analyzed by Laird J. Stabler, of the 
niversity of Southern California: 

I. 

'ater Taken From Lone Pine Bridge by Wm. Mnlholland, March 20, 1906. 

Sodinm chloride 6. 78 grains per gal. 

Sodium carbonate 7.93 grains per gal. 

Sodium sulphate 5 . 01 grains per gal. 

Calcium carbonate 6 . 64 grains per gal. 

Magnesium carbonate 1.16 grains per gal. 

Iron and alumina 0.58 grains per gal. 

Silica 0. 82 grains per gal. 

n 

Total 28 . 90 grains per gal. 

Organic matter trace. 

Note. — This sample taken at time Board of Public 
"Works visited the valley, there being then about 500 sec- 
ond-feet in stream with considerable water coming in from 
the flats, due to recent storms. 

n. 

rater Taken From Black Bock Springs by Harold Eaton in Blarch, 1906. 

Sodium chloride 0.75 grains per gal. 

Sodium carbonate 2 . 75 grains per gal. 

Sodium sulphate 1 . 84 grains per gal. 

Calcium carbonate 1.05 grains per gal. 

Magnesium carbonate 60 grains per gal. 

Lron and alumina 25 grains per gal. 

Silica . . '. 41 grains per gal. 

Total 7.65 grains per gal. 

in. 

ater Taken From Lone Pine Bridge by Wm. Mulholland in April, 1906. 

Sodium chloride 3.84 grains per gal. 

Sodium carbonate 50 grains per gal. 

Sodium sulphate 4 . 32 grains per gal. 

Calcium carbonate 1 . 16 grains per gal. 

Calcium sulphate 6.58 grains per gal. 

Magnesium sulphate 1.17 grains per gal. 

Iron and alumina 1.02 grains per gal. 

Silica 55 grains per gal. 
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Total 19.14 grains per gal. 
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The following analyses are of samples taken at Bound Valley from May 
13th to Sept. 2d, 1906, by the Reclamation Service, and were made by Mr. 
F. M. Eaton, Assistant Analyst. 

SAMPLES TAKEN FBOM OWENS BIVEB AT BOUND VALLEY BY THE 
BECLAMATION SEBVICE WEEKLY ANALYSES. 



Date. Total Solids 

1906. Susp. Diss. 

5, 13-19 2.8 12.0 

6, 20-26 1.0 21.4 

5, 27-31 1.8 24.6 

6, 3-9 3.4 17.0 

6, 10-16 7.0 13.0 

6, 19-23 4.0 15.4 

6, 24-30 5.2 15.4 

7, 1-7 6.4 17.6 

7, 30-8, 4 1.2 18.2 

8, 5-11 8.6 17.4 

8, 12-18 6.6 16.4 

8, 19-25 6.8 13.4 

8, 26-9, 1 7.4 11.4 

9, 2-8 1.2 16.2 



Carbonate. 
C0» 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.91 
0.00 
0.00 
0.00 
0.00 



Bicarbonate. 
HCO» 
11.15 
10.20 
13.70 

8.29 

7.65 

8.79 

8.79 

7.97 

8.17 

4.58 

8.50 
10.10 
10.65 

9.10 



Chlorine. 

CI 

1.90 

1.50 

2.47 

1.98 

0.99 

0.49 

1.98 

0.99 

0.99 

1.48 

1.48 

1.68 

1.78 

1.78 



Sulphate. Labora- 
SO* tory No. 
3358 
3359 
3360 
3361 
3362 
3363 
3364 
3451 
3643 
light 3723 

light 3724 

3806 
3840 
light 3926 



MEAN FOB EACH MONTH. 

Month. T.S. Ca. Mg. Na. SO* CO» HCO« 

May 15.88 2.25 0.44 3.62 1.77 0.00 13.40 

June 15.40 2.71 0.44 2.68 1.73 0.00 9.60 

July 15.25 2.25 0.40 3.44 1.77 0.00 7.53 

August 13.65 1.86 0.64 4.41 1.90 0.00 10.80 

Note. — The results are reported in parts per 100,000. 







Lab. 


CI. 


N0« 


No. 


2.97 


.0000 


3398 


0.79 


.0005 


3486 


1.49 


.0005 


3861 


1.55 


.0010 


4035 
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APPENDIX E. 

BEPOBT OF THE BOABD OF CONSULTING ENGINEEBS ON THE 

PBOJECT OF THE LOS ANGELES AQUEDUCT FBOM OWENS 

BIVEB TO SAN FEBNANDO VALLEY. 



Los Angeles, Cal., Dec. 22, 1906. 

To the Board of Public Works of the City of Los Angeles: 

Gentlemen: We herewith submit the following report upon the project of 
the City of Los Angeles for obtaining an additional supply of water from the 
Owens Eiver and its tributaries. 

On undertaking this work you gave us the following subjects for investiga- 
tion and report: 

First: To study the hydrography of the Owens River drainage basin, with 
special reference to its reliability as a source of water supply, from data to be 
furnished by you, and such other datd. as may be obtained from any other 
reliable source. 

Second: To make an examination of the quality of the water at the pro- 
posed point of intake, and the possibility of its quality being affected in process 
of transmission to its destination. 

Third: To make an examination of the route over v'hich the proposed 
aqueduct is to be built, and to review any alternate lines where such may be 
conducive either to saving in cost, time of construction, or safety in main- 
tenance. 

Fourth: To make an examination of proposed reservoir sites, and to 
consider their value in regulating variation in flow from the source. 

Fifth: To study the capacity of the several sections of the aqueduct with 
a view to making suggestions as to any alterations necessary to enable it to 
properly meet variable conditions of flow. 

Sixth: To study the designs and materials proposed to be used in the 
construction of the aqueduct, with a view to making any suggestions of neces- 
sary amendments or changes. 

Seventh: To estimate the cost of the aqueduct, reservoirs, and all acces- 
sories complete, from intake to point of exit in the San Fernando Valley. 

Eighth: To estimate the time required to complete the entire project as 
outlined. 

Ninth: To estimate the amount of water power that may be developed 
along the line. 
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Tenth: To make reeommendations for the best executive and engineering 
organization for the constmction of the aqneduct. 

Eleventh: To prepare and snbmit to 70a, in writing, a rex>ort on all 
matters hereinabove specified, and any other matters pertinent to the project 
that this Board of Engineers may deem of importance. 

In addition, we were officially informed that the time required for making 
the investigations and report would be approximately thirty days. 

The Board convened in Los Angeles on November 14th, and has been con* 
tinuously engaged upon the work to the present time. In addition to this time 
devoted to the work by the Board as a whole, Mr. Freeman, by request, visited 
Los Angeles in August for obtaining preliminary data, and Mr. Schuyler made 
two trips over the aqueduct in October, making suggestions as to material 
changes in the route which have met with our unanimous approval. 

These preliminary examinations have greatly facilitated the subsequent 
proceedings of the Board. 

EXAMINATIONS. 

After devoting the 14th to a study of the plans, November 15th was given 
chiefly to an examination of the Los Angeles Biver, the San Fernando Valley 
and the reservoir sites therein. 

On the following day a start was made over the territory in question in 
automobiles from Saugus, accompanied by the chief engineer, Wm. MulhoUand, 
and principal assistant engineer, J. B. Lippincott, on a trip of eleven days' 
duration which extended to the Long Valley reservoir site in the northerly part 
of the Owens Biver Valley. During this examination we inspected the various 
streams which flow into Owens Biver; examined and sampled the water of 
Owens Biver at three places; investigated the Haiwee reservoir site and alsa 
the line of the aqueduct from the proposed point of diversion on Owens Biver, 
all the way to the San Fernando Valley. Eight days were spent in the exam- 
ination of the aqueduct line, much of the time in walking over the line, espe- 
cially at the more important points. 

CAPACITY OF SOUBCES OF SUPPLY. 

Measurements of the flow of Owens Biver and its tributaries were made 
by the United States Geological Survey for two years beginning in August, 
1903, and measurements of the flow of the river have been continued daring 
the past year by the City of Los Angeles. There are, therefore, now available 
measurements of the run-off for three years, which fortunately include a normal 
year, a dry year and a very wet year. By comparing these measurements with 
others on the adjoining westerly slope of the Sierras, where records of the 
rainfall and stream flow for a period of sixteen years are available, it is 
possible to deduce by analogy the extremes of minimum discharge which may 
occur in the river and its tributaries during seasons of more acute drouth than 
the driest of the three in which measurements have been recorded. 

After a study of all of these measurements, and of the computations which 
have been made, we are in agreement with the report submitted to us by the 
engineers of the Los Angeles Aqueduct that 410 cubic feet per second of water 
can be depended upon with, the regulation of the Haiwee reservoir alone in 
years similar to those in which measurements have been made upon the Owens 
Biver, and that with the further aid of the Long Valley reservoir the 410 cubie 
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feet per second of water can be depended upon in jears as dry as any that 
have oecurred upon the adjoining watersheds in the past sixteen years. 

We have not thought it necessary to attempt to determine just how much 
water has already been acquired by the City of Los Angeles, but from the 
information given us, it is plainly a large proportion of the quantity above 
nanoed and sufficient for all probable needs for several years after the com- 
pletion of the aqueduct. Moreover, it is expected that additional water-rights 
will be obtained before the completion of the aqueduct. 

QUALITT OF WATEB. 

We have visited the river at the proposed intake of the aqueduct, and one 
member of this Board on October 25, 1906, took a sample of water from the 
river at the bridge next below the point of intake. This water has been 
analyzed, and a copy of the analysis follows: 

UNTVEBSITY OF SOUTHEBN CALIPOBNIA. 

Laird J. Stabler, Professor of Chemistry. 

Los Angeles, Gal., Nov. 28, 1906. 

Mr. J. D. Schuyler, Los Angeles, Cal.: 

Dear Sir: I have analyzed the sample of water delivered by you in a 
sealed package with the following result: 

Per gallon. 

Sodium chloride 2.10 grains 

Sodium and potassium sulphate 2.21 grains 

Sodium carbonate 3.38 grains 

Calcium carbonate 4.66 grains 

Magnesium carbonate 1.02 grains 

Iron and Alumina 56 grains 

Silica 82 grains 

14.75 grains 

This is good water for domestic purposes. The alkali forming salts are 
small, consequently it is good for irrigating purposes. The lime and magnesia 
salts are present in small quantity; this fact shows the water would not form 
a bad scale if used in boilers. The water would be fairly soft for laundry 
purposes. 

Yours truly, 

(Signed.) LAIBD J. STABLEB. 

We have been furnished with many additional analyses showing the quality 
of the water of the Owens Biver and its tributaries, and of the water now 
supplied to the City of Los Angeles. A comparison of these shows that the 
Owens Biver water is much softer than the water now supplied to the city, 
which contains from two to three times as much dissolved mineral matter as 
the water of Owens Biver. Our examination of the streams in the Owens 
Valley showed that the creeks coming from the Sierras furnished water which 
is dear, colorless and attractive; the water in the river being made up of the 
combined flow of these creeks is of similar character, but has a slight turbidity 

119 



and stain owing apparently to drainage from the marshes in Long Valley and 
to other return water from the canals and irrigated lands. This feature would 
make the water somewhat objectionable if it were to flow directly from the 
river into the city pipes; and it has little or no significance in the present 
instance, where the water, after being taken from the river, is to be held 
for a long time in a large storage reservoir, where the particles which 
produce the turbidity will have time to settle. The long period of storage in 
the reservoir will also be an important safeguard against the transmission of 
disease germs should any enter the water of the river, because it has been 
found both by experiment and experience that disease germs are all or nearly 
all destroyed, where the water is held sufficiently long in reservoirs. 

Although the storage of water in a reservoir has a favorable effect in the 
directions indicated, it sometimes promotes the growth of water plants or algae, 
which make the water less palatable and attractive; these growths are liable 
to occur with any water, and have very little, if any, sanitary significance. 
It is not feasible to prevent them, but it is feasible to remove their effects by 
aeration and filtration. 

There is an abundance of surplus fall available for aeration below the 
Haiwee reservoir and in the San Francisquito Canyon, where the water will 
either flow for several miles down the natural bed of the stream, or be dis- 
charged with great force against impulse wheels, in either case, receiving most 
thorough aeration. 

In our opinion, water which has thus been stored and subsequently aerated, 
will be of better quality at its exit from the aqueduct into the San Fernando 
Valley, than when taken from the Owens Eiver. 

OUTLINE OF PLAN OF WOEKS. 

The plan contemplates the building of an aqueduct of sufficient capacity to 
deliver a continuous flow of 400 cubic teet per second, or 20,000 ''miner's 
inches" as it is locally considered and measured. Starting at the point of 
intake on Owens Eiver, about twelve miles above the town of Independence, or 
two miles below a basaltic mound in the valley called ''Charley's Butte," 
the main canal to the Haiwee Eeservoir, a distance of sixty miles, will have a 
capacity of 700 to 900 cubic feet per second, starting with 700 second feet, and 
increasing as the side streams are crossed, until Cottonwood Creek is reached, 
from which point to the reservoir the capacity will be 900 second feet. 

This large capacity is provided for the purpose of gathering as much of 
the flood discharge as is practicable, and conveying it to the main storage 
reservoir at Haiwee Meadows, whence it is to be drawn at a uniform rate of 
400 second feet, plus an additional amount, estimated at 10 cubic feet per 
second, for evaporation losses en route. 

For the first twenty miles through the Owens Valley, the canal will be 
sufficiently below the normal water plane in clayey soil of close texture, to 
require no lining, but for the lower forty miles from the point where it begins 
to skirt along the flanks of the Alabama Hills through to the reservoir, it will 
be lined on bottom and sides with masonry laid in Portland cement and plas- 
tered in a manner intended to prevent a loss of water, thus forming a canal of 
sufficient stability to withstand all ordinary vicissitudes. 

The elevation of the hydraulic grade at the head-works is 3820 feet above 
sea-level, and the proposed high water line of the reservoir is 3760 feet, giving 
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a total fall of sixty feet to the canal, or an average of one foot per mile, from 
the intake to the Haiwee Beservoir. 

AQTTEDUCT FBOM HAIWEE BESEBVOIB TO THE SAN FERNANDO 

VALLE" 



From the outlet of the Haiwee Beservoir (low water elevation 3695) to 
Little Lake, a distance of 15.5 miles, through Bose Valley, there is a total fall 
of 310 feet. Under the revised plans 270 feet of this drop may be made avail- 
able for power whenever the demands will justify its development. To reduce 
the immediate expenditure it now appears best to construct this fifteen miles 
in the form of an open conduit of small section lined with masonry, following 
the smooth ground in the Bose Valley along the steep natural gradient, thus 
utilizing the fall to increase the velocity of the water and lessen the size of 
the conduit. Whenever a demand comes for the development of power in this 
somewhat remote locality a new line of conduit can be built along the higher 
elevation following the contour of the hills at a less steep gradient, thereby 
saving fall for the development of power. After more complete surveys of the 
high line it may be found that its additional cost need not defer its con- 
struction, especially if there is a prospect of the demand in the not-distant 
future for the 7000 horse power which can here be developed. 

From Little Lake to Indian Wells, a distance by the conduit line of 24.5 
miles, is a section of more difficulties than the ordinary, as the line must be 
supported on the mountain sides at an elevation of 200 to 500 feet above the 
valley, along which the highway follows at the base of the Sierra. Here a 
succession of tunnels, siphon pipes and bench conduit, excavated much of the 
way in solid rock and covered from the outset with reinforced concrete, are 
required. The siphons are eight in number, having a total length of three 
miles, and a maldmum head of 150 to 450 feet, while the ti^nnels have a total 
length of five miles. 

Prom Indian Wells the line enters upon a section of smooth open valley 
land extending nearly to Bed Bock Canyon, a distance of 20 miles, where the 
excavation will be comparatively easy, with only 3750 feet of steel flumes and 
siphon pipes for crossing dry washes that come from the mountains. 

Beginning at the summit of the ridge dividing Indian Wells Valley from 
Bed Bock Canyon, and extending a distance of 21.5 miles, the second difficult 
section of the work is encountered, requiring about eight miles of tunnels, 3.5 
miles of steel flumes and siphons, and ten miles of concrete lined and covered 
conduit. A considerable portion of this distance, however, is through indurated 
clay, sand and shale, which is not difficult of excavation, although extremely 
broken in surface topography. In this division the line must be carried across 
Jawbone Canyon with a siphon pipe having a maximum head of 850 feet. 

After passing this broken ground, the conduit emerges upon the smooth 
plains of the Antelope Valley, where a canal may be built with a minimum 
of eoit, crossing the Southern Pacific Bailroad some two miles north of Mojave, 
and extending entirely around the head of the valley, west of Neenach, to a 
point nearly south of Pairmont, where it is to discharge into a second reservoir, 
most conveniently located with its high water plane at an elevation of 3025 
feet above sea-level. In all this distance of 64.5 miles, there are but two 
exceptions to the unbroken smoothness of the gently sloping plain, covering a 
total distance of about six miles. One of these is the crossing of Cottonwood 
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Creek No. 2 with some four miles of indurated sand hills immediately west of 
it, and the other extends for about two miles along the rolling foot hilli 
approaching the Fairmont Beservoir on the opposite side of the valley. 

From the Fairmont Beservoir it is proposed to pierce the main mountain 
range with the longest tunnel on the line, 25,000 feet in length, passing under 
Elizabeth Lake Valley between the upper and lower lakes, at a depth of 350 
feet below the valley floor. The tunnel is projected to leave the Fairmont 
Beservoir at a depth of 75 feet below the water line, and be built as a pressure 
tunnel for subsequent power development. 

It will emerge into San Francisquito Canyon, down which the water is to 
be permitted to flow a distance of about eleven miles, with a total fall of 1550 
feet from the water line level of the Fairmont Beservoir, until such time as 
the power available from this drop is utilized and the water conveyed through 
conduits required to develop the power. 

Picking up the water at an elevation of 1470 feet, by means of a diverting 
dam in the San Francisquito Canyon at the lowest narrows, the delivery to 
the head of the San Fernando Valley will be effected in a distance of 15.18 
miles; by means of a succession of tunnels in indurated earth and sandstone 
aggregating 10.5 miles, with siphon across Soledad Valley having a head of 
but 230 feet; another across Placenta Valley with 80 feet head; some short 
flumes, and about 1.6 miles of covered conduit. The San Fernando mountain 
range is to be pierced with a tunnel nearly parallel to, but east of the Southern 
Pacific Bailroad tunnel, and at an elevation some 40 to 60 feet lower, having a 
total length of 14,100 feet from portal to portal. 

A study of the geological formation of the San Fernando Mountains in 
the neighborhood of the proposed tunnel shows that there is a marked synclinal 
fold about on the line of the railway tunnel where the sandstone and shale 
strata dip toward the line of the tunnel, and are much contorted and crushed. 
This would account for the fact that the railway tunnel required timbering 
throughout its length and that some moving ground was encountered. A short 
distance to the east of this line, however, it is possible to select a site for a 
longer tunnel which will probably be entirely in firm sandstone, and devoid of 
the complications incident to tunneling in the thread of a synclinal crush. It 
is in this firm and solid material that the aqueduct tunnel has been projected. 
The deep cut 50 feet or more in depth on the summit of the Fremont Pass on 
the wagon road to Newhall, which has stood with nearly vertical sides for 
more than forty years, gives a fair indication of the firm and stable material 
in which it is possible to locate the aqueduct tunnel, at far less cost than would 
otherwise be expected, were the unfavorable conditions surrounding the exca- 
vation of the railway tunnel to be taken as a criterion. 

The aggregate length of the aqueduct may be summarized as follows: 

Feet. 

Conduit, unlined canal 117,200 

Conduit, lined with rubble masonry or concrete .... 868,700 

Tunnels, in rock 96,295 

Tunnels, in earth 53,370 

Siphons of steel pipe crossing canyons 47,460 

Steel flumes crossing shallow and narrow depressions 9,510 

Total 1,192,535 225.87 100.0 
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Miles. ] 


Per cent. 


22.20 


9.9 


164.53 


72.7 


18.24 


8.1 


10.11 


4.5 


8.99 


4.0 


1.80 


0.8 




The eondnit has been estimated with a cover of reinforced concrete for a 
distance of 100,440 feet, or 11.6% of the entire lined seetiony the remainder to 
be left open for the first five years of operation. 

MODIFICATIONS OF FLAK. 

In a work of this magnitude and on such bold lines, manj trial routes 
must of necessity be surveyed, their cost estimated, and their advantages 
compared before the final line for construction is laid down. In an aqueduct 
and reservoir project more trial lines are needed than on a railroad project, 
because of the necessity of following a gradient along which water will flow 
with velocity rapid enough to prevent sedimentation, and not so rapid as to 
produce scour, and because of the importance of distributing the fall so as to 
lessen the diameter and cost of the more expensive portions of the work, and 
adapt to each type of ground the t3rpe of conduit best suited for utilizing the 
natural resources of the neighborhood in material for concrete and masonry. 

Although it is now certain that the best general line of location has been 
reached, many local variations are still possible, and six or more months of 
further study by your engineers may well be devoted to this matter of final 
location. 

This Board in its studies, and in course of conference with the engineer 
of the aqueduct, has been led to unanimously recommend the following im- 
portant modifications: 

First: The substitution of a direct line (suggested by Mr. Schuyler) via 
San Francisquito Canyon instead of the long detour via Acton, thus saving 
20 miles in distance over a very rough country and shortening the length of 
the longest tunnel by about one and one-fourth miles, thus reducing the time 
required for the completion of the work, besides effecting a very considerable 
saving in cost. 

Second: The substitution of a high-grade tunnel and conduit line for a 
siphon, of 15 miles in length, from Little Lake south, using somewhat over 100 
feet of spare fall for that purpose, thereby reducing cost and increasing per- 
manence of construction. 

Third: The raising of the elevation of the entire line from Indian Wells 
to the Fairmont Beservoir about 60 feet at the lower end, and 110 feet at the 
upper end, utilizing a further amount of the surplus fall, and thus permitting 
the utilization of the Fairmont Beservoir for storage as a regulator of the 
power plants to be built on the drop in the San Francisquito Canyon. 

Fourth: The elimination of the proposed siphon across Antelope Valley, 
11 miles in length, with a maximum head of 400 feet, and substituting a con- 
duit line passing around the head of the valley. This increases the total 
length of the aqueduct about 21 miles, but effects a saving in head at Fairmont 
Beservoir amounting to 60 feet, available for storage and power. 

Fifth; The construction of the Elizabeth Lake tunnel next to the power 
drop of the larger dimensions and steeper gradient needed for developing a 
rate of flow in the hours of maximum power demand, two and one-half times 
as great as the mean rate of flow, thus largely increasing the amount of power 
available for sale, and for the development of manufacturing. 

Sixth: We recommend that the conduit and the tunnel and pipe sections 
have their water-ways designed on a somewhat more liberal basis than at first 
prox>osed, in order to provide against possible increase of friction with age, or 
the adhesion of organic growths. 
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We suggest the use of the following coefficients in the Kutter formula: 

For open masonry conduits of cement or smoothly plastered masonry, 
n^.018 

For concrete-lined tunnels, or covered masonry conduits, 
n=.014 

For steel pipe with rivet heads and seams projecting on the interior, 
n=.016 

For earth canals with bottom as left by dredging, 
n=.0275 

In proportioning the aqueduct between Haiwee Eeservoir and the San 
Fernando Valley to convey a mean flow of 410 feet per second, including evap- 
oration loss, we recommend and have based our estimates of cost upon a 
capacity five per cent greater, thus providing for a delivery of 430 cubic feet 
per second of water in order that the Fairmont or Fernando Eeservoirs might 
be replenished within twenty days after having been depleted by the interrup- 
tion of flow in the aqueduct. 

In the plans as submitted to us there were several inverted steel siphons 
of considerable length aggregating about 33 miles. Some of these we advise 
should be eliminated altogether and others shortened as much as possible for 
reasons both of economy and durability. 

There also entered into this question the consideration of the possibility 
of the steel market being able to afford in a reasonable time such a large order 
as these siphons would involve. Indeed, it may be said that cutting the dis- 
tance piped down to the lowest possible distance, still leaves a tonnage that 
may prove troublesome to supply unless plenty of time is given the mills to fill 
the order. 

There is an economic question involved in this matter which will, no doubt, 
appeal to your citizens that, with the exception of the steel in the siphons and 
the machinery equipment, the entire cost of building, both for material and 
labor, will be distributed among your own people, if the intention is carried 
out of producing the cement required. 

After a very careful study of all the conditions in detail this Board is of 
the opinion that all of these changes are desirable, and recommends that they 
be made. 

As a result of our studies, it has been necessary to make new designs of 
sections of the various types of aqueduct suited for the several localities, to 
correspond with the steeper grade and the more conservative factors allowed 
for frictional resistance. 

BESEBVOIB SITES. 

The most important reservoir site on the line of the aqueduct is that 
to be located at Haiwee Meadows, as it affords a means of direct 
equalization of the flow of the main canal and the streams gathered by 
the canal. The reservoir is situated on a summit in the valley, from which 
the natural drainage is in both directions, north and south. It has a length 
of 7.4 miles, measured along the thread of the valley, and is to be formed by 
dams at each end, the south dam being the larger of the two, 70 feet in 
maximum height with a top length of 900 feet. The north dam is longer, but 
hab a height of but 30 feet. Materials in the vicinity are favorable for the 
erection of safe, substantial dams of earth at both sites. 
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The capacity of the Haiwee Eeservoir at the elevation of 3760 feet, as sur- 
veyed by Mr. Mulholland, is computed at 63,780 acre-feet. By building the 
dams 10 feet higher, this capacity may be increased to 82,350 acre-feet, a most 
valuable increase in storage, although requiring a diminution of the fall in the 
main feeder canal by 10 feet in 57 miles. The position of the canal is. such 
that it cannot be raised at the upper end without sacrificing the flow at Black 
Bock Springs. 

Below Black Eock Springs we find this change of gradient of the canal 
apparently involves no special difficulty, and we recommend that this change 
receive further consideration. 

The Long Valley Eeservoir, with a dam 140 feet high, has a capacity of 
260,000 acre-feet, or 85,000,000,000 gallons in round numbers, which is several 
times the largest existing reservoir in the State. A study of the records of 
water measurements by the United States Geological Survey for three years 
on Owens Eiver, and a comparison with longer records of stream flow on Kings 
Eiver, on the western slope of the Sierras, indicates that when this reservoir 
is created, the equalization of seasons of extremely large run-off, with that of 
dry years, will effect a saving of water which is now lost to all useful purposes, 
amounting to about 80 cubic feet per second, in addition to the water con- 
trolled by the aqueduct, and owned or appropriated by the city. This addition 
is necessary to the ultimate securing in years of excessive drouth, of the full 
amount of 400 second feet, for which the aqueduct has been designed. 

The Board visited the Long Valley dam-site and examined the rock forma- 
tion of the canyon where the dam would have to be built. The river has cut 
a deep channel through a volcanic rock classed by geologists as tufa — a rock 
which is much lighter in weight than granite, but sufficiently strong to be 
relied upon as a satisfactory foundation for the construction of any type of 
dam which may in future be decided upon after more careful examination and 
study of all available materials. 

In the opinion of the Board a stable and safe dam can be built at this 
site and the selection of the particular type to be preferred is an economic 
question which it is now premature to discuss or attempt to decide. 

The Long Valley reservoir site, which is chiefly embraced within the 
limits of the lands purchased by the City of Los Angeles, is admirably adapted 
to the regulation of the river flow, and the substantial increase of the water 
supply of the aqueduct by equalizing storage, and should be considered as an 
essential factor in the general plan, to be developed as early in the future as 
may be possible. For the reason that this regulation of the river is only 
required when the demand has reached the maximum aqueduct capacity and 
to provide against a series of dry years, it has not been included in our esti- 
mates or considered as an essential feature of the system for immediate con- 
struction. 

The Fairmont reservoir site, before referred to, has a capacity of 5917 
acre feet, sufficient to afford a full supply of the maximum capacity of the 
conduit for nearly eight days. As an insurance against interruptions during 
the cleaning or repairs on the long line of aqueduct above it, maintaining the 
power plant in full operation during any period of such interruption for at 
least seven days, as well as affording a regulation of peak loads on the power 
plant, this reservoir has exceptional value. It can be formed by a dam in a 
rocky canyon, 105 feet in height to the water line. As this reservoir is not 
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esiential to the Bystem of water supply until the power has been developed, its 
eost has not been included in the estimates. 

SAN FEBNANDO VAIiLEY BESEBV0IB8. 

The aqueduct delivers water into San Fernando Valley at an elevation of 
1365 feet above sea level, or about 1100 feet above the main streets of Los 
Angeles. At a distance of three miles from the point of delivery a reservoir 
site has been selected, with a water surface elevation of 1133 feet, giving a 
further power drop of about 220 feet. This reservoir covers an area of 432.5 
acres, and will have a storage capacity of 20,661 acre-feet, with a dam 130 feet 
in height. 

The Board has visited the site of this dam, and is of the opinion that an 
earth dam can be constructed at a moderate cost, considering its great value 
and strategic position. 

A second reservoir site has also been surveyed in the valley with a capacity 
of 45,762 acre-feet, requiring a dam but 40 feet in height — ^although having a 
top length of 9200 feet. 

These reservoirs, when built by the Water Department, will serve not only 
as regulators of the supply for irrigation, to be drawn upon chiefly in the 
irrigation season of five months, but will maintain a constant water supply for 
the City of Los Angeles, even if the flow through the aqueduct should be inter- 
rupted for a considerable period. The capacity of the smaller reservoir alone 
would be more than six months' supply for the city at the present rate of con- 
sumption. Water can be piped from them to the natural gravel bed filters 
above the heads of the present aqueducts, and there purified by slow filtration 
through the gravel and sand which now serves the same purpose. 

ESTIMATES OF COST. 

The estimates of cost of the Los Angeles Aqueduct have been made up of 
the following general subdivisions, whose leading characteristics have already 
been described: 

First DivisioxL 

Headworks on Owens Eiver to Haiwee upper dam, consisting of 

117,200 feet of unlined canal, from 700 to 800 second feet 
capacity, and 198,500 feet of masonry lined canal, of 800 to 900 

second feet capacity. Total length, 313,900 feet (59.40 miles). 

Estimated cost $ 3,712,100. 

Average cost per foot, $11.85. 

Second Division. 

Haiwee Beservoir, with capacity of 63,780 acre-feet, to elevation 
3760. Estimated cost of dams and accessories, diversion of high- 
way around the reservoir, but not including land damages is. . . . 316,800. 
Average cost per acre-foot of capacity, $4.97. 

Third Division. 

Haiwee Beservoir to Little Lake, a total distance of 81,700 feet (15.5 
miles) through Bose Valley, with a gradient exceeding one per 
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cent for the flnt three miles, and two feet per thouBand for the 
remainder. This is the first and easiest division of the aqnednct 
proper, designed to carry 410 second feet with ample factor for 
safety, lined throughout and covered where drainage of the 

country required to be passed over it. Estimated cost $ 481,800. 

Average cost per lineal foot, $5.90. 

Fourth DivisioxL 

From Little Lake to the south end of the siphon crossing of Indian 
Wells Canyon, a total distance of 127,935 feet, or 24.24 miles, 
involves the construction of 27,220 feet of tunnels, 85,000 feet 
of conduit lined with masonry and covered throughout, and 
15,715 feet of siphon pipes. The total estimated cost of this 

division is 3,088,400. 

Average cost per foot, $24.14. 

Fifth DivisioxL 

Valley section, Indian Wells to Bed Bock Summit, a total distance of 
106,000 feet, or 20 miles, consisting of 102,250 feet of conduit 
through Indian Wells Valley, with 3000 of deep cut on Bed Bock 
Summit some 20 feet deeper than the normal; 1050 feet of steel 
flumes, and 2700 feet of siphon pipes, one of which is across the 
wash leading from Walker's Pass. The total estimate of this 

easy division is 914,600. 

Average cost per foot, $8.63. 

Sixth DivisioxL 

This is a difficult section of 98,600 feet (18.66 miles) from Bed Bock 
Summit to the Antelope Valley below Pine Canyon, requiring 
39,272 feet of conduit, lined with concrete, 6000 feet of flume, 
41,700 feet of tunnels, and 11,628 feet of siphon pipes, including 
the crossing of Jawbone Canyon. The total estimated cost of 

this section is 2,760,900. 

Average cost per foot, $28.00. 

Seyenth Division. 

^telope Valley from Pine Canyon to the west end of the valley, 
and to the portal of the long tunnel under Elizabeth Lake. 
Total length of line is 359,200 feet, or 67.81 miles. This division 
includes 3970 feet of siphon pipe, 1270 feet steel flume, 475 feet 
of tunnel, and 353,485 feet of conduit lined with concrete. The 

total estimated cost is 3,076,000. 

Average cost per foot, $8.56. 

Eighth Division. 

C^^izabeth Lake Tunnel, 25,000 feet in length, from portal to portal 

(4.74 miles). Total estimated cost 1,913,200. 

Average cost per foot of tunnel, $75.33. 
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Ninth DivisioxL 

From the diversion dam in San Francisquito Canyon to the point of 
delivery in San Fernando Valley is a total distance of 80,150 
feet, or 15.18 miles, embracing 55,270 feet of tunnel in earth or 
sandstone, 9440 feet of conduit, 2240 feet of flume, and 13,200 

feet of siphons. Total estimated cost $ 1,957,500. 

Average cost per lineal foot, $24.45. 

The total of these subdivisions is a distance of 1,192,525 feet of con- 
structed line, aside from the Haiwee Eeservoir length and the 
natural channel of San Francisquito Canyon, or 225.87 miles, 

which is estimated in total at $18,221,300. 

To this total we add the following: 

For construction railway, telegraph and telephone line, less a reason- 
able salable value on completion of the aqueduct, based on the 
scrap value of materials, estimated at $350,000 $ 1,150,000. 

For cement mill, Mr. E. Duryee 's estimate 300,000. 

For temporary water supply development for construction purposes 

and its maintenance during the period of construction 300,000. 

For fencing aqueduct where left uncovered for first few years and 

for permanent residences of caretakers 125,000. 

For engineering and contingencies, 15% 3,014,400. 



Total $23,110,700. 

For land and water rights, and for all legal and other expenses 
connected with their acquisition, from estimates presented by 
Messrs. MulhoUand and Mathews, including what has already 
been expended, we add 1,375,000. 



Grand total $24,485,700. 

The foregoing estimate of probable cost is made according to our best 
judgment, using the results of our personal experience, and all the data we 
have been able to collect of the cost of large works of similar character, but it 
should be clearly understood that the modifications of the line and grade of the 
aqueduct proposed by the Board have in some cases carried the new locations 
beyond the limits of the definitely mapped topography on either side of the 
located line. In the most dif&cult sections, however, our revised location has 
been instrumentally re-examined in detail, and checked. In less important 
places, where it was manifest that there were no material changes of material 
within a short distance of the original location, the estimates have been made 
on the original line, generally parallel with and not far distant from the new 
line. 

In forming our judgment of the cost of excavation, we have been guided 
in part by our own observations, and in part by the notes of the classification 
of materials made on the ground by the field engineers. We have assumed that 
the cement will be manufactured at a cement mill, to be erected by the city on 
property already acquired, and that the cost of the cement at the mill will be 
one dollar per barrel, which is substantially the cost as determined by Mr. 
Edward Duryee, the cement expert in the employ of the city. 

128 



The figares are based upon the assumption that the work will be done on 
a business basis, unaffected by politics, and with able and honest men in 
charge of all departments of the work. They are intended to include all 
money already expended, to safely cover the contingencies and delays ordinarily 
met with in this class of work, and include an allowance for the extra cost of 
the work on the eight-hour basis as compared with the ten-hour basis, on 
which most of the large engineering works have been constructed, whose cost 
data are available. 

TIME REQUntED TO COMPLETE THE PBOJEOT AS OUTUNED. 

In our opinion five years is the minimum time in which the projected 
works can be completed so that water from the Owens Biver can be delivered 
into the San Fernando Valley. 

The controlling feature in determining the time is the Elizabeth Lake 
tunnel, the longest on the line, which will be about 25,000 feet in length, 
exclusive of the deep approaches at its two ends, and which must be driven 
from only four headings, two of which will start from a shaft about 350 feet 
in depth located in the valley near Elizabeth Lake. It will take the larger 
part of a year before work can be actively begun on tunnel proper, and about 
four years more for the excavation of the tunnel and lining it throughout with 
concrete masonry. 

Five years also appears as little time as may be prudently reckoned for 
the completion of the long series of shorter tunnels in the rugged country 
between Little Lake and the north end of the Antelope Valley section of the 
conduit. 

Due consideration of economy dictates that work should not be begun on 
these northerly tunnels until the railroad pertaining to the aqueduct has been 
extended far enough north to give convenient access to them, and until suit- 
able power plants have been provided, operated either by steam power, or by 
water power from Cottonwood Creek transmitted electrically, as may be found 
most convenient and economical. 

While these northerly tunnels are all of them short in comparison with the 
Elizabeth Lake tunnel and any one could be constructed much more quickly, 
there will be economy in avoiding unnecessary duplication of plant for carry- 
ing them all on simultaneously, and five years from the present time appears 
little enough to allow for completing them all. 

The present condition of the labor market and the fact that less work 
can be accomplished in an eight-hour day than on a ten-hour day must also 
be taken into consideration in considering those portions of the work outside 
of the tunneling. 

On certain of the transcontinental railroad extensions now being made to 
the Pacific Coast, it is reported that much less rapid progress than desired is 
being accomplished because of the scarcity of labor. 

WATEE POWEB. 

There are three localities along the line of the aqueduct where a surplus 
fall exists that will permit the development of power from water flowing on 
its course from Owens Valley to the San Fernando Valley. The most important 
of these localities is in the San Francisquito Canyon, about 45 miles northerly 
from the City of Los Angeles and a short distance down stream from the outlet 
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of the Elizabeth Lake tunnel. A total drop of nearly 1500 feet is available 
in the San Francisquito Canyon, and from present indications it appears most 
advantageous to divide this fall between two power drops, of which the upper 
one, and the first to be developed, would have about 1060 feet, and the lower 
about 415 feet of net available fall on the water wheels. 

The third site for power development is found a short distance below the 
end of the aqueduct in the San Fernando Valley, and near the upper of the 
two proposed San Fernando Boservoirs. The net fall available at this point 
would be about 215 feet. 

The fourth power site is found near Little Lake, a distance of nearly 150 
miles northerly from Los Angeles, and about 15 miles down stream from the 
proposed Haiwee Beservoir. The net fall available at this point, after relocating 
the line of the aqueduct between Little Lake and Haiwee, would be about 
270 feet. 

With an average delivery of 400 cubic feet of water per second, there 
could be developed at these several points, and transmitted to the City of Los 
Angeles, after making due allowance for the losses in generation and trans- 
mission of electrical power, the following amounts, measured in 24-hour elec- 
trical horse power at the point of delivery: 

From Upper San Francisquito site 25,000 H. P. 

" Lower '' " 11,000 '' 

: ' '< Fernando " 6,000 '* 

" Little Lake " 7,000 '< 

Total 49,000 '' 

The above would be available 24 hours per day, and seven days in the week. 

Fortunately a reservoir site has been found near Fairmont, at the head of 
the Elizabeth Lake Tunnel, which will permit developing and transmitting a 
much larger amount of power during working hours, and moreover this Fair- 
mont Beservoir can be made of sufficient capacity so that it could supply a 
full daily amount of power for a period of about eight days, while the aqueduct 
between Fairmont and the Haiwee Beservoir was shut off for inspection, 
cleaning or repairs. 

It is also possible, by means of small and inexpensive dams, to provide 
small equalizing reservoirs immediately down stream from each of these two 
power houses in the San Francisquito, such that the water for power can be 
drawn at a rate of flow varying throughout the 24 hours, and that storage 
can be accumulated over Sunday, while the aqueduct delivers continually at 
the normal rate of 400 cubic feet per second. 

Considering that an ordinary factory working nine hours per day or 54 
hours per week, out of the 168 hours, and thus having a "load factor'' of 
32% could be supplied with 300 H. P. during working hours from the same 
volume of water that is required for developing 100 H. P. continually 24 hours 
per day, and seven days per week, the great value of equalizing reservoirs and 
conduits suitable for a higher rate of delivery during the hours of greatest 
demand becomes apparent. The load factor for future conditions and after the 
building of more factories may be different from that for present conditiona- 
of railway and lighting use. 
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The Board has for this reason planned Elizabeth Lake Tunnel and esti- 
mated its cost with diameter and gradient such as to permit drawing the water 
from the Fairmont Eeservoir at two and a half times the average rate, or at 
the rate of 1000 cubic feet per second during those hours in which the demand 
for power is greatest. 

Under this arrangement, it will be feasible to install electrical machinery, 
and supply power during the hours of maximum use, up to the amount of about 
60,000 H. P. at the Upper San Francisquito Power House, and about 20,000 
H. P. at the Lower San Francisquito Power House. 

So far as is shown by the surveys thus far made, it will not be expedient 
to provide for a large peak load increase at the Fernando Power House, or the 
more remote power site at Little Lake. 

We, therefore, have as the total power that may be developed under the 
40% load factor for the two San Francisquito sites, a total of 80,000 H. P., 
and adding to this the 13,000 H. P. that may be developed at San Fernando 
and at Little Lake gives a total of 93,000 H. P. measured at the point of 
delivery in hours of greatest demand, which may be developed from the Owens 
!Xiver water along the course of the proposed aqueduct. 

The conditions for the economical development and maintenance of the 
S)Ower are very favorable and its safety against interruption or diminution by 
drouth, and the permanent character of the aqueduct, tend to make the power 
development feature particularly attractive and valuable. 

ENOINEEBINO OBQANIZATIOK. 

We have already indicated the importance of making further surveys and 

studies to ascertain the best and most economical locations for the aqueduct. 

The work of building a water-tight and durable aqueduct, erecting safe 

^and stable dams, and of constructing the great steel siphon pipes which will be 

x^oired is of a far more exacting character than a railroad construction. 

The Los Angeles Aqueduct is a work of such magnitude and extends over 
^k> many miles of territory somewhat remote from the base of supplies, that it 
^%vill be a physical impossibility for the chief engineer and the principal assistant 
'HSngineer to be upon all parts of the work frequently enough to give the quick 
^eeision that is necessary for overcoming obstacles. It will, therefore, be 
essential to have in the field engineers of proved executive skill and resource- 
fulness, who are expert in the line of work which they are to supervise. We 
Yeeommend substantially the plan of organization which has been successfully 
adopted upon the Metropolitan Water Works of Massachusetts and upon the 
New York Aqueduct which is now being prepared for construction. On the 
Metropolitan Wlater Works, representing about the same cost as the Los 
Angeles Aqueduct but covering an extent of not more than sixty miles, and 
irhere all parts of the line were easily accessible, five of these skilled engineers, 
blown as department engineers, were employed, and all of them were men who 
)iad had sufficient experience to enable them to fill a position as chief engineer 
vpoB an important work. 

In New York, although the work has not yet advanced beyond the pre- 
linhi&ry stage, five department engineers of this high grade are now employed. 
Oomlting engineers were also connected with both of these works contin- 
wnslj. 

Oar recommendation is, therefore, that under the chief engineer and the 



principal assistant or deputy chief engineer the work be divided into several 
main departments, each placed in charge of a department engineer having his 
principal office near the work which he is to supervise. 

In order to secure suitable men for these positions, it will be true economy 
to pay liberal salaries sufficient to attract men from other work in these times 
when the abler engineers are all busy, rather than to take men of less ability 
and unproved executive skill. 

There should be an efficient staff at headquarters to prepare designs for 
the work of construction and to make the necessary studies and investigations. 

The above recommendations are founded upon the experience on similar 
large aqueducts where most of the work has been done by contract. If this 
work is to be done in large part by day labor a somewhat different organization 
would be required, including men of special skill in several branches of the 
work. 

CONCLUSIONS. 

Our conclusions may be briefly summarized as follows: 

1. We find the project in every respect feasible, and that it involves no 
great difficulties of engineering or construction other than those arising from 
mere length and distance. 

2. That a supply of about 400 cubic feet of water per second of good 
quality for domestic use can be brought to the City of Los Angeles or its 
vicinity from the Owens Eiver and its tributaries. 

3. That the cost of all water rights, lands and structures required for the 
collection, storage and delivery of this water at the head of the San Fernando 
Valley, but not including the cost of the future Long Valley reservoir, or those 
in the San Fernando Valley, or structures required solely for the development 
of power, will be about twenty-four and one-half million dollars. 

4. That from the water conveyed by this aqueduct, power can be devel- 
oped and transmitted electrically to the city of Los Angeles and vicinity, suffi- 
cient to supply 49,000 horse power continuously, 24 hours per day, and every 
day in the year, or a correspondingly larger amount if portions of it are used 
only during ordinary working hours. 

In brief: We find the project admirable in conception and outline, and 
full of promise for the continued prosperity of the City of Los Angeles. 

Eespectfully submitted, 

(Signed.) JOHN R. FREEMAN, 

(Signed.) FREDERIC P. STEARNS, 

(Signed.) JAMES D. SCHUYLER, 

Board of Consulting Engineers. 



132 




APPENDIX F. 



UR OF XJkMDS FUBOHASED FOB THE LOS ANGELES AQUEDUCT. 



From Whom Purchased. No. of Acres. 

Fred Eaton (Bickey L. & G. Co) 22,670 

J. J. and Catherine Stewart 80 

Mark P. Hand 160 

John B. Turner 1,800 

Maggie J. Skinner 160 

£. H. Edwards and Estate of B. J. Stevens 1,400 

Irv. H. MulhoUand 440 

A. W. Eibeshutz 160 

E C. Hamilton 160 

M. q. Watterson 200 

a C. P. Wrinkle 1,800 

Stoddard Jess ^ 680 

H. L. Minkler 320 

Henry Arna 40 

John H. Lubkin 240 

Jesus J. Carrasco 160 

Estate of Treglown 240 

Silas H. Be3rnolds 160 

Margaret James 640 

Harry M. Gk>rham 640 

Silas H. Be3molds 160 

Chas. B. Benjamin 1& 

Benjamin J. White 40 

Lars Erik Aronson 60 

J. A. Sandy 40 

Edward De Mots 160 

Max M. and Harriet T. Skinner 200 

I^ora I. Seifried 40 

J. V. Skinner 200 

C. A. Skinner 220 

^- W. Forbes 160 

Omie L Mairs 1,880 

^. H. Baird 400 

^ G. Goodale 160 

^CM. MiUs, Alena Mills and John McCord 16Q 



FinUy and Jowia F. Mclver 4M 

EUen Nora J. Baxter IW 

F. E. Baasell l-WO 

Cirrie Hunter WO 

Irv. H. Mulholland «<> 

Pred F. Wheeler 600 

WiU M. Noble « 

Mark P. Hand 320 

G. W. E. Griffith 320 

F. M. andE. A. Crocker 320 

Wm. H. MiteheU MO 

Annie Beynolds *0 

L. A. Norriel 380 

Angnata M. L. Lnbken 1*0 

The Alvord Company 390 

JamcH Jones ^^^ 

Chas. A. CoUiDs -■ 4.raO 

Egtateof Thoa. C. Boland 1,280 

Emmett Kiriord 480 

F, E. Dengmore 360 

Clarence Johnson *0 

Ed Walker 180 

Wm, Penn. CoL Awn. of Cal 12,180 

Mira E. On 480 

B. A. Lowe 1,008 

Prankie G. O'Neal 80 

Pauline Agnirre 40 

Estate of C. B. White 1,440 

Uanrini JuUien 120 

Mannel Silva 480 

Estate o* Kline 640 

Jesoa J. Carrasco and E. H. Edwards .' 685 

W, A. and H. M. Hammett 320 

H. D. Gill 160 

W. A, WiUUniB 40 

Fruit World Publishing Co 57 

Ben H. Tandel] 440 

James Hillyer 7.3^ 

Thos. Mills and Alena MUls 21 

Amos Davis 6.8" 

F. W. Henley 15 

Pred Eaton 362 

Fred Eaton (Bickey Ranch— Long Valley) 2,684 

Eatherine WolfT (Swartout Beservoir) 320 

Peck (Swartont Beservoir) 160 

Jacob Ablntz (Swartont Beservoir) 1,080 

Parker 160 

E, W, Beid (Swartont Beservoir) 320 

Cnddeback, Blackloy k Bose (Tehachapi Cement Lands) 3,000 

Jno. P. Cuddebaek (Tehaehapl Cement Lands) 160 
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Mehan and Mathews (Tehachapi Cement Lands) 120 

Edward Hamilton (Tehachapi Cement Lands) 102 

Morgan Price (Fairmont Reservoir) 10 

C. B. Binaldi (Fernando Beservoir) 171 

Catalina Lopez (Fernando Beseryoir) 27 

Total 76,581.84 

No. of Acres. 

Owens Valley and Long Valley Lands 70,951 .84 

Swartont Beservoir 2,040. 00 

Tehachapi Cement Lands 3,382.00 

Fairmont Beservoir 10.00 

Fernando Beservoir 198.00 

76,581.84 
(For location of property see General Land Map.) 
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APPENDIX Q. 



OITT ATTOBNET'S OPINIOK DEFININa THE P0WEB8 OF THE BOABD 

OF PUBUO WOBKS. 



W. C. Mushet, Esq., City Auditor, Los Angeles, Cal.: 

Dear Sir: I am in receipt of your letter of February 25, 1907, in whieh 
70a ask me the following questions: 

First: ''Is the Owens Eiver enterprise a 'municipal 
affair'!" and 

Second: "Who controls the expenditure of bond money 
voted or to be voted for the Owens Eiver enterprise — the Coun- 
cil, Board of Public Works or the Board of Water Commis- 
sioners!" 

In answer to your inquiries, I beg to say: 

(1) Municipal bonds for public improvements are authorized by an Act 
of the Legislature, approved February 25, 1901, which provides in general terms 
for the incurring of indebtedness by cities for municipal improvements; that 
is, for their "acquisition, construction and completion." There are no pro- 
visions in the City Charter providing the procedure for the issue of improve- 
ment bonds, and therefore our first inquiry must be to said Act. The general 
scheme for issuing bonds is, that the City Council, in the first instance, deter- 
mines what municipal improvement is necessary to be "acquired, constructed 
or completed," and thereupon calls an election and submits the question of the 
issue of the bonds therefor to the voters. If the bonds are voted favorably, 
they may be issued and sold by the City Council at such time, in such manner, 
and in such amounts as the City Council shall deterimne. 

In cities which have no Board of Public Works, the control of the Council 
goes further, and includes the letting of contracts for the public improvements 
for which the bonds were voted and issued; the employment of agents, super- 
intendents and engineers, for such improvement, and generally, to the use of 
all lawful ways to protect the rights and interests of the municipality therein. 
But in cities operating under freeholders' charters, as is the case in Los 
Angeles, the direct power and control of the City Council over bond moneys 
ceases with the sale of the bonds and the placing of the proceeds thereof in 
the municipal treasury to the credit of the proper improvement fund. 

Sections 8 and 9 of the Act in question each contain the following proviso: 

"Provided, however, that in cities, towns or municipalities 
operating under a charter, heretofore or hereafter framed 
under Section 8 of Article Eleven of the Constitution, and 
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having a Board of Public Works, all the matters and things 
reqoired in this Section to be done and performed by the legis- 
lative branch of the manicipality shall be done and performed 
by the Board of Public Works of such city, town or munic- 
ipality. ' ' 

The matters and things referred to in said Sections, which would be done 
by the City Council, were it not for the existence of the Board of Public 
Works, are: To make rules and regulations for carrying out and maintaining 
the proposed improvements; the appointment of the necessary agents, super- 
intendents and engineers to look after the same, and the letting of contracts 
for the construction or completion thereof. These matters, all of which relate 
to the expenditure of bond money, are, in the City of Los Angeles, devolved 
upon the Board of Public Works. 

The Act of the Legislature referred to deals with public improvements 
In the process of the making thereof, and has nothing to do with, and makes 
no provision for, the management or control of the sale after completion, as 
distinguished from the acquisition, constmction or completion of the same. 
Bonds are not issued under that Act to maintain, operate or conduct public 
improvements, but they are issued for, and the proceeds thereof are to be 
devoted exclusively to, the work of acquiring, constructing and completing the 
specified public improvement proposed. It is important to bear in mind this 
distinction, because it has a vital bearing upon the powers and duties of the 
Board of Public Works in relation to public improvements for which bonds 
have been issued. 

(2) It is necessary then, in the next place, to examine the City Charter 
in order to determine the power of the Board of Public Works over the con- 
struction of public improvements authorized by the City Council, and to pay 
for which bonds have been issued and sold. And in this connection, I will 
refer, first, to the Board of Water Commissioners, and will confine the inquiry 
to Water Works, as that is the particular subject of your communication. 

By Section 192 of the Charter, '*the Water Department," which is under 
the management and control of the Board of Water Commissioners, is expressly. 
created for the purpose of managing and controlling all waters and water 
rights that are now or may hereafter be owned by the City of Los Angeles. It 
will be observed that in thus defining the function of the Water Department 
the Charter contemplates that its jurisdiction is to manage and control waters 
and water rights. 

Further, in specifying the powers of the Board of Water Commissioners, the 

Charter further provides (Subdivision G, Section 192) that said Board has 

power 

''to manage and control all waters, water rights and water 
bearing lands, and all water works, reservoirs, zanjas and 
ditches belonging to the city,'' also 

''to construct, operate, maintain and extend water works, 
dams, reservoirs, zanjas, ditches, canals and other means of 
supplying the city and its inhabitants with water, and to 
acquire and take, by purchase, condemnation or otherwise; 
and in its own name to hold, as special trustees for the city, 
any and all property, including waters and water rights, situ- 
ated within or without the limits of the city, other than the 
waters of the Eiver of Los Angeles, that may be necessary 
or convenient for such construction, operation, maintenance 
or extension.'' 
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The Board of Water CommissionerB has undoubtedly the power to con- 
struct and extend water works; but, as I will explain, that power is limited 
to the construction thereof out of certain specified moneys, and does not 
extend to tlie constraction thereof out of bond moneys. 

The power of the Water Commissioners to control and order the ex- 
penditure of money is restricted to the expenditure of moneys received from 
the sale or use of water. Such moneys shall be deposited in the treasury of 
the city and form what is known as **The Water Bevenue Fund." This fund 
cannot be used for any other than the following purposes: 

''First: For the necessary expenses of conducting the 
water department, of operating the water works, and of mak- 
ing all current and ordinary extensions, betterments and 
repairs;" 

"Second: For extraordinary improvements of and bet- 
terments to the property, works and systems of supply and 
distribution of the water department, including the purchase 
of necessary lands, water rights and other property." 

** Third: The payment ♦ ♦ ♦ of installments of in- 
terest or principal or of interest and principal coming due 
upon outstanding water works bonds." 

''Provided, however, that the said Board may, in its 
discretion, so fix the water rates as to produce a revenue 
sufficient only for the purpose of defraying the necessary 
expenses of conducting the water department, of operating 
the water works, and of making all current and ordinary 
extensions, betterments and repairs, and for no otber pur- 
pose." 

It is manifest from these provisions of the Charter that the jurisdiction 
of the Board of Water Commissioners, as the body having charge or control 
of the water department, is to manage and control an existing public improve- 
ment; that is, a water system in being, which is maintained by a Water 
Bevenue Fund made up of water rates. The Board of Water Commissioners 
does of course, in the maintenance of such a system, have to deal to a certain 
extent with matters of construction, betterment and improvements, and even 
with the acquisition of lands; but it can construct improvements and otherwise 
deal with water works and systems of supply only out of the proceeds of 
water rates which go to make up the Water Bevenue Fund. 

(3) The Owens Biver enterprise, which is in short a system of water 
supply, is a public improvement for which the city is authorized to incur 
indebtedness under the Bond Act of 1901, above referred to. If bonds for 
that purpose are authorized and sold, the expenditure of the proceeds thereof 
must be devoted exclusively to that purpose, and will be under the control of 
the Board of Public Works, and not of the City Council, or of the Board of 
Water Commissioners. 

That Act provides, as has already been said, that where a city operating 
under a freeholders' charter, has a Board of Public Works, such Board shall 
let all contracts and do all other things needful to acquire, construct or com- 
plete the public improvement contemplated. 

The City Charter, as amended at the last municipal election (the last 
amendments to which became effective by approval by the Legislature on 
February 7 of this year), is in complete harmony with those provisions of the 
Bond Act which places the disposition of the bond moneys in the hands of 
the Board of Public Works. 
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Section 146 of the Charter defines the powers of the Board of Publie 
Works, and it provides: 

"The Board of Public Works shall have charge, super- 
intendence and control, under such ordinances as may from 
time to time be adopted by the City Council * * * 

"(4) Of the design, construction, alteration, repair, 
maintenance and care of all public works and improvements, 
and of all public buildings belonging to the city; * * *" 

"(6) Of all public utilities that are now or may here- 
after be owned, controlled or operated by the city, other than 
water works." 

Subdivision 6 of said Section 146, just quoted, does not refer at all to the 
acquisition, construction or completion of any public improvement; and so 
far as it relates to water works, it can only mean that the charge, superin- 
tendence and control thereof, as an existing public utility, "owned, controlled 
or operated by the city," is not under the charge, superintendence or control 
of the Board of Public Works. This provision deals with public utilities 
already acquired, with works that have already been completed, and it cannot 
be inferred from that because the Board of Public Works does not have 
charge, superintendence and control of water works that are "owned, con- 
trolled or operated by the city," that therefore it does not have jurisdiction 
over the constniction of such works. The acquisition or construction of a 
public improvement, and the operation thereof after such acquisition or con- 
struction, are two separate and distinct things, and are recognized as distinct 
in the Charter; in the case of water works, the Board of Water Commissioners 
operates them, and the Board of Public Works, so far as bond moneys are 
applied thereto, constmcts them. 

As the Board of Public Works, that part of Subdivision 4 of Section 146, 
above quoted, which would relate to water works would in my opinion, con- 
fine the Board to their design and construction, in as much as by other pro- 
visions of the Charter, the repair, maintenance and care of "water works" 
as a system or plant in operation, are devolved upon the Board of Water 
Commissioners. 

(4) I now come to a consideration of the amendments to the Charter, 
approved by the Legislature February 7, 1907, relative to the Board of Public 
Works. An inspection of them will show conclusively, in my opinion, that the 
Board of Public Works has control over bond moneys issued for public improve- 
ments, and used in the acquisition, construction or completion thereof; and 
that in the case of water works, or to be specific, of the Owens Biver enter- 
prise, the Board of Public Works has such power and control, as against both 
the City Council and the Board of Water Commissioners. 

By the amendments to the Charter, the Board of Public Works has power 
to acquire by purchase or otherwise all property necessary for any public work 
or improvement which is to be paid from the proceeds of bonds; all contracts 
for the construction or completion of any work or improvement of which the 
Board has charge are let and entered into on behalf of the city by the Board 
of Public Works. Said Board presents each year, in December, to the Citjr 
Council a report showing the amount of money received from the sale of 
bonds, and the manner of the expenditure thereof, and the balance on hand in 
each bond fund; also a monthly statement of expenditures of moneys derived 
from the sale of bonds. When the construction or completion of any public 
work or improvement is to be paid out of the proceeds of the sale of bonds, and 
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is earned on outside of the city (as is the ease with the Owens Biver enter- 
prise), the Board may aj^oint a Disbursing Agent, whose duty it shall be to 
disburse moneys therefor in the manner specified in Section 151 of the Charter. 
All demands payable out of funds derived from the sale of bonds, are presented 
to the Board of Public Works and approved by it before presentation to the 
City Auditor. If he shall reject a demand, he returns the same to the Board 
of Public Works, and not to the City CounciL The demand returned to the 
Board, with the Auditor's objections, shall be again considered by the Board, 
and if such demand be approved, the objections of the Auditor are thereby 
overruled. And if so overruled, the demand is delivered to the City Auditor, 
who must then record the same, as in the case of demands approved by him. 
All these provisions point directly to the conclusion that the Board of 
Public Works has jurisdiction over the construction and completion of I9ie 
Owens Biver enterprise, which of course carries with it the expenditure of 
moneys therefor, and that neither the City Council nor the Board of Water 
Commissioners has control thereof. When the Owens Biver enterprise is com- 
pleted, if the Charter then stands as it does now, the acqueduct, with its 
appurtenances, and the water supply thereby obtained, will be turned over to 
the Board of Water Commissioners, and they will manage and control it. 

(5) As to the acquisition of lands by the Board of Public Works in tl^^ 
furtherance of the Owens Biver project, I am of the opinion that the Boaf^ 
of Public Works has full power to acquire such lands itself for the city, as ^ 
expressly specified in Section 146% of the Charter. The provisions of tli^® 
Charter relative to the making of contracts by the Board of Public Works fo^ 
the performance or furnishing of ''labor, materials or supplies required tot 
the construction or completion" of the Owens Biver project do not relate to 
the acquisition of lands. 

The acquisition of lands does not fall within the classification of ''labor, 
materials or supplies;" and the Board of Public Works has express authority 
to purchase them at its own instance for the Owens Biver project. In order 
to purchase lands, if a resolution or order be adopted by the Board, providing 
for the drawing of the demand for the purchase of the parcel of land necessary 
for that enterprise, or as a payment of money on a contract for the purchase 
thereof, and a demand in pursuance of such resolution or order is presented to 
you, duly signed, that is all that is necessary to make the demand complete. 
You have the power to audit such demand, and reject it should you deem such 
rejection necessary on any ground affecting its regularity; but if upon the 
return of such demand to the Board of Public Works, your objections are over- 
ruled, the demand must be registered, as in other cases, and the usual procedure 
thereon follows, as in other cases. 

In conclusion, I therefore answer your inquiries as follows: 
The Owens Biver project is a municipal affair; and while the method of 
•voting bonds therefor is provided by general law, and not by charter, the 
manner and method of letting contracts for that project, and in short all things 
relating to the acquisition, construction and completion of said enterprise are 
regulated by the Charter, and are under the control of the Board of Public 
Works. 

EespectfuUy yours, 
jrrr^TT . - (Signed.) LESLIE B. HEWITT, 

City Attorney- 
Dated March 1, 1907« 
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APPENDIX H. 



BEPOBT ON PB0P08ED LOS ANGELES AQUEDUOT RAILWAY 

(A OONSTRUCnON RAILROAD.) 

By W. S. Post. 



BEQUntEMENTS AND CONDITIONS. 

The following uses will be subserved by an Aqueduct Bailway: 

(a) Through haulage of material (an average distance from Mojave of 
40 miles): Cement, steel for reinforcing, bridges and pipe, steam shovels, 
maehinery, supplies, coal, etc., powder, contractors' commissary stores, con* 
traetors' feed and passengers. 

Local haulage of gravel, boulders and crushed rock, average of (say) one 
mile, and movement of material from storage and redistribution of excess. 
Haul is estimated for five years of construction as follows. See Table- 

Through tonnage 287,300 

Through ton miles 12,435,800 

Through train miles 497,000 

Through train miles per day 331 

Local tonnage 1,555,400 

Local ton miles 1,573,000 

"Work" train miles 62,920 

* * Work ' ' train miles per day 42 

Passengers, per day 40 

(b) The railway to be used exclusively for the conduit, to last five years 
uid assumed to have no extra value for public business. 

(c) Use of track, if feasible, after completion of conduit, as an inspection 
and maintenance railway. 

(d) Bailway transportation is expected to cover the sections of conduit. 

1. From Mojave to Olanche, 92 miles. 

2. From Mojave to Neenach, 35 miles. 

(e) It is doubted whether the additional 25 miles, Olanche to Mt. Whit- 
^7, 8. P. By. Junction, would be justified, but may be considered on account of 
k*7 wipply, say 60,000 tons. 

(f) It is noted that Mojave-S. P. By. and Santa Fe By. Junction is broad- 
ened, and S. P. at Mt. Whitney Station is narrow-gage. 

141 



BBOAD OB NABBOW GAGE. 

A choice must be made at the outset of gage — standard or three-foot gage. 

In Favor of Broad Gage. 

(a) Standard engines and cars — ^facility of purchases and renewal repairs. 

(b) No need of freight transfer amounting to 160,000 tons which at 
$.50 = $80,000. 

(c) Utilization of standard steam shovels. 

In Favor of Narroiw Gtoge. 

(d) Saving 25% in length of ties. 

(e) 20% in grading. 

(f ) Shorter engine wheel base, allowing higher curvature and, as a rule, 
permitting use of conduit curves. 

(g) Greater facility in laying spur tracks. 

(h) Direct connection with narrow gage tunnel tracks. 

NentraL 

(j) Curve resistance is slightly in favor of narrow gage, but may be 
compensated in the gradient. Weight of rails, rolling stock, trestles and main- 
tenance are about the same. 

COSTS. 

An estimate has been prepared for a line from Neenach through Mojave 
to Owens Lake, 127 miles, for a broad-gage roadbed, using the following 
assumptions: 

Maximum grade, 4%--65-ton engines. Boadbed in cuts 16 feet. Boadbed 
in fills 12 feet. See Tables ''B" and **C." 

Average cost (ready for trafic), $8255 per mile — or a total cost for 127 
miles, $1,050,000. 

Maximum cost per mile in Bed Bock Canyon is $13,352 and minimum (light 
plains) is $6935. 

The equipment cost (second-hand rolling stock), see Table ''D," is es- 
timated to be $68,900. 

The total cost of operation, five years, added to fixed charges and the net 
cost of the whole railway, is as follows: (See Table ''E.") 

1. Operating expense, five years $ 414,000 

2. Fixed charges, interest on cost and equip- 

ment at 4% 223,780 

3. Net cost — ^when abandoned 768,500 

$1,406,280 
This sum represents the amount which the railway must earn in five years 
to pay for itself and carry the specified tonnage. 

The total train miles being 559,920, the cost per train mile is 

$1,406,280 

= $2.51 

559,920 
and the cost per ton-mile is 

$1,406,280 

= $0.10 

14,007,700 , , 
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This IB evidently a severe condition to place upon the railway — to pay for 
itself and be abandoned in five years. If only items (1) and (2) of operating 
cost be considered 

The cost per train-mile becomes $1. 14 

The cost per ton-mile becomes 0455 

Operatiiig Cost of Narrow-Gage. 

On the same conditions, a narrow-gage, allowing 20% reduction in roadbed 
and 25% in ties, we would have a construction cost of $7562 per mile, or 
^960,000, and the same operation cost five years including fixed charges and net 

cost, plus $80,000 for transfer freight= $1,379,280 

Cost per train-mfle = $2.46 

Cost per ton-mile = $0,099 

Corresponding Wagon HanL 

Statistics of wagon transportation vary from 35 cents per ton-mile to 
1.5 cents (a special case in the Mojave Desert). Assuming a rate of 25 cents 
per ton-mile, we have: 

Cost of wagon transportation 14,008,800 ton-miles at 25 cents $3,502,200 

Cost of railway transportation 1,406,280 

Saving in favor of railway $2,095,920 

The above rates show that it is economical to extend the railway line 

^thin 12 miles of the end of the conduit, hauling material in wagons for 

i^mainder of distance. 



CONCLUSIONS. 

(a) The high cost per ton-mile is due to the condition imposed that the 
^^way shall pay for itself as a construction road. The public business which 
^^oold arise with Owens Valley, mines and salt works, if carried on the line, 
"^vonld obviate the need of charging cost of construction to operation. Such a 
x^)ad should be self-supporting, and would probably show a cost of 2 cents 
per ton-mile. 

The solution is a legal one, either by making a contract with a railway 
Company to carry the city's material, or with an operating company to operate 
Over the city's line and purchase the road at the expiration of five years. 

(b) The grade should be reduced to 2% ruling providing for a pusher 
Srade of 3%% at Bed Bock Canyon and Little Lake Summit. The through 
^lainload will be doubled by this means, the operating expense reduced 40%, 
<ind the cots per ton-mile to 7 cents. 

(c) The use of say 10-ton engines for ''work" train purposes, reducing 
the time of standing idle and serving a larger number of sections. The cost 
■hould then be about 8 cents per ton-mile, or about 16 cents a yard for transport 
of gravel and rock one mile. If electric power is provided for other purposes, 
>ui economy will probably be found in electric 10-ton locomotives costing $2400 
*acli, delivered. 

I (d) If the track is placed along or on the conduit as an inspection track, 

i the gage should be narrow-gage throughout. 
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TABI.E "A. 

HAXTLAGE IN DETAIL. 

The total tonnage in five years' construction is estimated as follows: 

(a) THBOUGH HAUL. 

Tons. Ton-Miles. 

1. Cement — Mojave to Little Lake, full conduit section, 

0.2 tons per lin. ft. X 5280 X 80 miles j average 

haul 40 miles 84,480 3,379,000 

2. Cement — ^Little Lake to Lone Pine, reduced or cheap- 

ened section, saj .12 ton per lin. ft. X 5280 X 60; 

average haul 92 miles 38,020 3,498,000 

3. Cement — ^Mojave to Neenach, 0.2 ton per lin. ft. 

X 6280 X 35; 17 miles haul 37,000 628,000 

4. Cement— Add beyond Neenach, same; 26 miles haul 26,400 660,000 

5. Steel — ^Eeinforcing — covered section, 100,000 ft. at 40 

lbs. per ft.; average haul 60 miles 2,000 120,000 

6. Steel— Syphons, 653 lbs. per lin. ft. X 30,000 ft; 

average haul 60 miles 8,300 416,000 

7. Steel— Flumes, 8320 ft. at 660 lbs.; average haul 

35 miles 2,750 96,250 

8. Machinery— Average haul 50 miles 1,000 50,000 

9. Steam Shovel — Coal for — 700,000 yds. exc; 50 miles 

haul 2,600 125,000 

10. Powder — 20 miles haul 700 14,000 

11. Contractors' Commissary — Supplies, 1000 men 5 yrs.; 

40 miles haul 3,000 120,000 

12. Contractors' Feed — 60 lbs. per animal per day, 1000 

head, 5 yrs.; 40 miles haul 56,000 2,200,000 

(b) LOCAL HAULAGE. 

11. Gravel, Boulders and Crushed Bock — 1% yds. per ft., 

127 miles (% total handled by car, average haul 

1 mile) 1,404,000 1,404,000 

12. 5% Bedistribution — Cement, steel, etc.; 2% miles aver- 

age haul 10,000 25,000 

1,675,150 12,734,250 
Add 10% 167,560 1,273,450 

Total tonnage 1,842,700 14,007,700 

Passenger 

Miles. 

13. Passengers — 20% of working force changed each month, 

say 20 per day + 20 pay. inspection, etc. = 40 

per day; average 30 miles 2,160,00 
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8UBCMABY. FBEIGHT. 

Through tonnage (10% added) 287,300 

Through ton-miles 12,435,800 

Using % trainload for effective live load, 4% grades, 65-ton engines 
= 50 tons per train and doubling train mileage for empties return. 

Total through train-miles 497,000 

Total through train-miles per day (300 days per year) 331 

Eequires two trains round trip per day, 170 miles per day — 1 engine, 
3 cars, 1 caboose. 

LOCAL FBEIGHT. 

Local tonnage 1,555,400 

Local ton-miles 1,573,000 

Using trainload as above: 

**Work" train miles 62,920 

Total * * work" train miles per day 42 

Say 2 ''work" trains — 1 engine and 8 fiats each. 
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TABLE "0." TOTAL 008T. 

COST FEB MILE. 

Clearing right of way, $10 acre $ 130 

Average grading, per mile 1615 

Ties, 2464 at $.60 1478 

Bails, 50 lbs.— 79 tona at $42 3320 

Splice bars, 4,000 lbs. 
Spikes, 5,000 lbs. 

Track bolts, 1,400 lbs. 

10,400 lbs. at $.03 312 

Track laying 360 

3600 

Water stations 180 

20 
8000 

Sidings 400 

20 

Telegraph 300 

Bight of way (govt.) 40 

Total cost per mile $8255 

Total cost 127 miles $1,050,000 

Salvage value per mile: 

Ties, 10% $ 148 

BaUs, 80% 2212 

Buildings and trestles, 20%. 124 

$2486 X 127 = 316,000 

Net total cost when abandoned $ 734,000 

TABLE '<D." 

EQUIPICENT. 0O8T (All Second Hand). 

5 engines, 65-ton, at $5200 $26,000 

2 passenger cars, at 4000 8,000 

1 baggage car, at 3000 3,000 

15 box cars, at 500 7,500 

2 cabooses, at 800 1,600 

32 flat cars, at 400 12,80Q 

Miscellaneous 10,000 

$68,900 

0O8T FEB TON MZLB. 

5 yeaiB' operation 127 mflaf. 
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Operating Expense (Animal). 

2 freight trains, 322 train miles per day at $.50 per 

train-mile, 365 days $58,800 

2 work trains per day at $40 per day^ 300 days. . . . 24,000 

$82,800 X 5 yrs. = $414,000 

Fixed Charges. 

Interest on cost of construction, $1,050,000 at 4%, 5 yrs $ 210,000 

Total cost, less salvage 734,000 

Interest on equipment, $68,900 at 4%, 5 yrs 13,780 

Equipment, less sale value 34,500 

Total cost of operation $1,406,280 

Five years, including all charges and cost of plant. 

$1,406,280 

Cost per ton-mile = = $0.10 per ton-mile. 

14,007,700 
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APPENDIX I. 

BEPOBT ON 

PORTLAND OEllENT MATEBIAL8. 

BY E. DUBTEE. 



Los AngeleSy Cal., Sept. 29th, 1906. 
Mr. Wm. Mulholland, Chief Engineer. 

Sir: In compliance with your directions I have investigated the cement 
making materials found in the vicinity of Tehachapi. 

The limestone deposits there are numerous, not far distant from the rail- 
road, and some of them are adapted to economical quarrying operations. 

The rock is sufficiently pure and uniform for cement making purposes. 
The deposit of clay examined is of good quality and of more than sufficient 
extent for the project contemplated. 

The proximity of Tehachapi to the line of the proposed aqueduct, the short 
railroad hauls for Bakersfield fuel oil, and of the manufactured cement to the 
line of the aqueduct, the abundant supply of good water, a nearby town from 
'^hich to secure labor and supplies, and the possession of a mill and townsite 
And clay deposit alongside the railroad, contribute to make this location an 
l^eal one for the work contemplated. 

THE PBOPOSITION. 

It is proposed to erect a modern Portland cement works of a daily capacity 
^i 1000 barrels, on the Guddeback ranch, five miles east of Tehachapi, on the 
8. P. Railroad, and adjoining the extensive clay beds recently secured with the 
Cnddeback ranch. Limestone will be transported from the quarry, on which 
the city holds an option, by a private electrically operated tram, a distance of 
two miles, to the cement works. The manufactured cement will be transported 
^om the mill over the S. P. Bailroad to the nearest point on the conduit line 
near Warren, a distance of about 10 miles. 

The raw materials used for the trial mixtures were obtained by myself 
during personal visits to the deposits, and were taken with the view of securing 
representative samples of what could be quarried and dug on a large scale 
^lom the deposits. 

The limestones used were taken from several quarries, two of which the 
city now holds options on, from which rock can be quarried equally good and 
ia quantities adequate to the requirements of the proposed cement plant. 
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The clay used in the cement mixture was dug by myself from the east end 
of a dry lake about five miles east of Tehachapi, alongside the S. P. Bailroad 
and on the Cuddeback Ranch. This property includes 2500 acres, of which the 
lake covers nearly 300 acres. The clay is exposed in the dry bed of the lake, 
and 19 test borings have been made to a depth of 30 feet, the limit of the 
boring outfit, showing that the clay underlies the whole of the lake bed to at 
least that depth. The samples were free from sand, and possessed a satis- 
factory degree of uniformity and chemical suitability for cement material. 
Samples from the surface contained some organic matter and salt, and showed 
about 47% silica, while those taken from the lower borings contained about 
55% silica. 

ANALYSIS OF TEHACHAPI IiAKB CI.AY. 

2 8 to 12 14 to 20 24 

Surface, ft. deep. ft. deep. ft. deep. ft. deep. 

Silica 47.05 47.40 54.10 56.52 53.91 

Alumina 12.38) 

) 19.20 23.41 24.71 20.20 

Ferric oxide 5.57) 

Lime 8.95 6.00 5.61 5.00 6.22 

Magnesia 4.74 3.26 1.04 .61 3.38 

Ignition loss ....17.51 17.10 14.70 11.70 15.40 

Alkalies 

Totalb , 96.20 92.96 98.86 98.54 99.11 

The differences between the above totals and 100 are doubtless chloride o^ 
sodium. 

The clay bed runs tit)m 30 to between 40 and 50 feet thick, judging f ronn 
these borings, the contours of the land, and the reports of parties who sank 
an artesian wbxl nearby some years ago. 

ANALYSIS OF LIMESTONE. 

Silica 451 

Alumina and ferric oxide 500 

Carbonate of lime 98.260 

Carbonate jf magnesia 490 

Total 99.691 

These materials were ground and mixed in the proportions of 

Limestone 12 . 76 parts 

Clay 4.47 parts. 

The mixture, after being properly prepared, was burned in a small kiln 
at a temperature sufficiently high to produce a vitrified, black, sparkling clinker. 
The results were entirely satisfactory. The clinker did not dust, but possessed 
the characteristics of true Portland cement clinker. 

The clinker, after cooling, was ground in a small mill to a fineness of 93%, 
passing a 200-mesh screen. The resultant cement possessed the color, weight 
and other qualities of good Portland cement. 
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ANALYSIS OF THE CEMENT. 

Snica 21.9 

Alumina and f errie oxide 13.7 

Lime 61.7 

Magnesia 0.486 

Alkalies not determined. 

Total 97.786 

This is a good analysis for Portland cement, and could be bettered by using 
the clays from below the surface, thus raising the silica content slightly and 
lowering the alumina and making a slower setting cement. 

With the addition of the customary addition of plaster to act as a retarder 
of the initial setting time, the cement set as follows: 

Initial setting time 38 minutes. 

Final setting time 4 hours. 

The mortar did not heat with the addition of water to the cement. 

BOnJNG TEST FOB OONSTANOT OF VOLUME. 

A pat of neat cement mortar was kept in damp air for 24 hours, then placed 
in an atmosphere of steam for three hours, then submerged in boiling water for 
three hours, at the end of which time the pat remained sound and perfect. 

TENSILE STBENOTH. 

In making briquettes for the determination of the tensile strength, 20% 
water was used for neat mortar and 10% of water in a mortar of one part of 
cement to three of standard testing sand. The tensile breaking strains in 
pounds per square inch were as follows: 

1 day. 7 days. 28 days. 5 mos. 

Neat cement 362 848 870 

One cement to three sand 475 550 540 

The tests have proven exceedingly satisfactory, and have demonstrated 
that superior Portland cement can be made with these materials. Usually 
better results can be obtained in a large commercial plant than in the pre- 
liminary laboratory tests. 

ANALYSIS OF OUDDEBAOK LIMESTONE FBOM TUNNEL 

MABOH 13, 1907. 

Silica and graphite 1 . 

Alumina 1.1 

Carbonate of lime 97 . 

Carbonate of magnesia 1 . 36 
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LOS ANGELES AQUEDUCT CEMENT PLANT WATEB. 

Water for the power plant at the site of the cement plant is available in 
abundance from artesian wells, two of which are now flowing. The water from 
the well at the ranch house nearby was sampled and analyzed, with the follow- 
ing results: 

Grains in IT. S. Gallon. 

Calcium sulphate 2.463 

Calcium carbonate 4 , 789 

Magnesium carbonate 2.314 

Silica 1.224 

Alumina .35 

Total scale forming minerals 11.140 grains per gallon. 

This water comes from a well 125 feet deep. 

The amount of scale forming materials is so small that it will be possible 
to use a jet or barometric condenser in the power plant instead of the surface 
condenser mentioned in the specifications. 

The boring of this well, as well as the test borings made in prospecting 
the clay deposit, show that there is an artesian reservoir beneath the Cuddeback 
Ranch. This ranch covers 2500 acres at the east end of the valley. Nineteen 
borings were made in the bed of the lake, covering about 250 acres. The holes 
were driven to a depth of 30 feet, the limit of the augur, and with the exception 
of three holes at the east end, they were all in good cement making clay. It is 
said that the 125-foot boring for the well, made some years ago by the ranchers 
owning the property, indicates that this clay bed is about 40 to 50 feet thick 
at that point where the well was put down. Beneath the clay is found the 
gravel bed of the artesian reservoir. Across the east end of the ranch the 
borings showed a dyke which appears to form a natural dam across the bed of 
the valley at the lowest end, making the water rights of this ranch valuable 
for a townsite or manufactory. 

ESTIMATED COST OF PORTLAND CEMENT PLANT. 

Capacity 1000 Barrels Daily. 

SUMMARY. 

Cement plant machinery (except motors and freight) $124,625 

Cement plant electric motors 15,000 

Freight on above 20,161 

Buildings for above 40,000 

Total cost, except power plant $199,786 

Power plant erected (1200 H. P. steam electric) 97,677 

Building for power plant 5,000 

Total $302,463 

The above summaries are based on detailed quotations of cement machinery 

at current prices with fair allowances for freights and erection at the proposed 

site of the plant. 
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COST OF BIANUFACTUBE. 

Data. 

Fuel oil, 75 cents per barrel. 

Skilled labor, $3.00 to $3.50 per day, 8 hours. 

Unskilled labor, $2.25 per day, 8 hours. 

Quarried rock, 40 cents per ton. 

Excavating clay, 26 cents per ton. 

Hauling clay, 26 cents per ton. 

Allowing 4% interest on the cost of the plant and distributing this interest 
charge against 360,000 barrels annual output. 

On the basis of these data, experience with other plants justifies the 
estimate that a modern plant of 1000 barrels daily output can be operated 
continuously at capacity, on a conservative cost of $1.05 per barrel for cement 
at the works, exclusive of sacks, and of the initial cost of the cement works 
and of the lands containing the clay and limestone deposits. The cost of the 
plant and lands has not been charged against the cost of production, as it is 
the opinion of the engineers in charge of the aqueduct that the city can 
reimburse itself for its cost by selling out to some cement company on the 
completion of the aqueduct. 

OONCLUSIONS. 

The raw materials are suitable for the manufacture of superior Portland 
cement. 

Low priced fuel oil is available for burning cement and generating power. 

The proposed plant is of sufficient capacity to insure economical operation. 

The location is admirably adapted to the manufacture and delivery of 
cement midway of the conduit line. 

The plant erected will cost $300,000, exclusive of lands. 

The cement can be manufactured at $1.05 per barrel. 

BespectfuUy submitted, 

E. DURYEE, 
Cement Expert. 
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APPENDIX J. 



LOS ANGELES AQUEDUOT ESTIMATES 

On the Deyelopment and Sale of Hydro-Electric Power From the San Fran- 
daqnito Canyon, the Same Being Three-f onrtha of the Total Avail- 
able Power Along the Aqneduct. 



A BBIEF GENERAL DESOBIPTION AND SUMMABT OF RESULTS OF 
EACH OF THE SEVERAL SECTIONS OF THIS REPORT. 

SECTION I: The Power Madcet in This Locality. PresMit Demand and 

Probable Increase. 

SECTION n: The Valuation of Hydro-Electric Power Delivered at a Sub- 
Station in Los Angeles. At Wholesale Rates. 

SECTION m: The Total Available Power in the San Francisauito Canyon 

Developed and Delivered for Sale at a Sub-Station in Los 
Angeles. 



SECTION I: "The Power Market in This Locality. Present Demand and 

Probable Increase: ' ' — 

It is stated that the amount of electric power used in this locality repre- 
sents an average load of about 30,000 kilowatts (40,000 horsepower) and a 
peak load of over 50,000 kilowatts (67,000 horsepower); that little over half 
the peak load can be supplied by water power and that the demand will be 
more than doubled in five years, hence the addition at that time of 27,500 
kilowatts average load and a 55,000 kilowatt peak in water power would not 
cause an excess, this amount being the total available power from San Fran- 
cisquito Conyon and three-quarters of the total power available along the line 
of the aqueduct. 

SECTION n: "The Valuation of Hydro-Electric Power Delivered at a Sub- 
Station in Los Angeles. At Wholesale Rates:" — 

It is stated that this valuation is based on sale to factories, railways and 
distributing companies; that if the demand is not exceeded the value of hydro- 
electric power is fixed by the cost of steam power and hence its average selling 
price at wholesale is fixed at 0.8 cents per kilowatt-hour or approximately 0.6 
cents per horsepower-hour on a 50 per cent average load factor basis. Load 
factor being the ratio of the average load for 24 hours to the peak or nmximum 
load. The value of power will increase as the value of fuel increases. 
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SEOnOK m: "The Total Available Power in the San Francisanito Canyon 

Developed and DeUvered for Sale at a Sab-Station in Loe 
Angeles:" — 

It is stated that the amount of this power would be 27,500 kilowatts 
(37,000 horsepower) average delivered load with provision for a 55,000 kilowatt 
(74,000 horsepower) peak load; that is the initial cost of the hydraulic work, 
two power houses, transmission lines and receiving sub-station would be 
$4,494,000.00; that the yearly operating cost, including interest and deprecia- 
tion, would be $521,000.00; that the gross earnings at wholesale rates would 
be $1,927,000.00 and the net yearly earnings would be $1,406,000.00. 

SECTION I. 

THE POWEB MARKET IN THIS LOCALITY. 
PRESENT DEMAND AND PROBABLE INCREASE. 

The accompanying 24-hour load curve shows the average amount of elec- 
trical energy used in and about Los Angeles, Pasadena, Long Beach and Santa 
l^onica at the present time, that is, for the year from June 1st, 1906, to June 
Ist, 1907. The average load is 23,200 K. W. and the peak or maximum load 
^0,900 K. W. If this were made to include Pomona, San Bernardino, Riverside, 
Hedlands and intervening territory the average load would be not less than 
30,000 K. W., that is, 40,000 horsepower, and the peak would be considerably 
over 50,000 K. W., 67,000 horsepower. All territory thus included is supplied 
from the same sources and is affected alike by supply and demand. 

It should be noted that there would be about 20 per cent more electrical 
energy used at the present time during the hours of heavy load if it could be 
supplied; and further that there is in the City of Los Angeles about 25,000 
H. P. in small private plants using steam and gas engines, a portion of which 
could be replaced by electric power. 

With the addition of the large block of i>ower that is to be delivered from 
the Kern River in the next few months, the average total water power de- 
livered in the above mentioned territory will be approximately 30,000 K. W., 
and as there is very little provision for peak loads it remains for steam power 
to carry a 20,000 to 30,000 K. W. peak. At the present rate of increase the 
use of electric power will be more than doubled in five years. The addition, 
therefore, at that time of a water power arranged to deliver 27,500 K. W. 
average load and a 55,000 K. W. peak would not equal the increase and there 
would remain a considerable portion to be carried by steam or otherwise 
provided. 

The 27,500 K. W. average delivered load and 55,000 K. W. peak referred 
to would be the total available power in the San Francisquito Canyon or 
three-fourths of the total power available along the aqueduct and that portion 
which would be most readily developed. 

SECTION n. 

THE VALUATION OF HYDRO-ELECTRIC POWER DELIVERED AT A 
SUB-STATION IN LOS ANGELES AT WHOLESALE RATES. 

This valuation is based on the sale of power at what might be termed 
wholesale rates to large factories, electric railways and to distributing com- 



panies for lighting and smaller power. It also assumes that the water power 
is made reliable hj the use of ample reservoirs near the power houses and by 
sufficient duplication of transmission lines. It should be remembered in this 
eonnection that steam power, which is the standard, is not wholly reliable. 

It appears from the statement under Section I, "The Power Market in 
This Locality," that the total available power from the San Francisquito 
Canyon being an average of 27,500 K. W., 37,000 horsepower, with provision 
for a 55,000 K. W. peak, 74,000 horsepower, might be added to the supply of 
water power five years hence and still leave room for the further development 
of 20,000 to 30,000 kilowatts without an excess in this section of the state. 
So long as the supply of water power does not exceed the demand, its value, if 
reliable, will be little, if any, below the cost of steam power. 

Interest and a sufficient allowance for depreciation to make the plant 
permanent being included with the other fixed charges, and fuel oil valued 
at 65 cents per barrel, the cost of electrical power in Los Angeles developed 
by steam at a 50 per cent load factor and under average operating conditions 
would vary from 0.65 cents per kilowatt-hour with 5000 kilowatt units to 0.8 
cents with 1500 kilowatt units, and 2.0 cents with units of 100 kilowatt 
capacity each. 

In figuring gross returns from the San Francisquito Canyon power, Section 
m, first a deduction of 12% per cent is made from the figured yearly output 
for failure to realize on the full amount, and then 0.8 cents per kilowatt hour 
or approximately 0.6 cents per horsepower-hour at 50 per cent load factor is 
taken as the average value of power delivered, wholesale, at a sub-station in 
or near Los Angeles. This is equivalent to $35.00 per kilowatt per year, or to 
$26.00 per horsepower per year on the peak load or fiat rate basis, assuming 
that the consumer cannot use more than 50 per cent of the available power; 
that is, that his average load for 24 hours is not more than 50 per cent of his 
peak or maximum load. To a consumer having a constant load 24 hours per 
day, 7 days per week, it is equivalent to $70.00 per kilowatt per year, or to 
$52.00 per horsepower per year. 

It should be noted that as the demand for power and the price of fuel 
increase the future value of this power will be correspondingly greater. 

SECTION in. 

THE TOTAL AVAILABLE POWEB IN THE SAN FBANOISQUITO CANYON 

DEVELOPED AND DELIVEBED FOB SALE AT A 

SUB-STATION IN LOS ANGELES. 

The estimates in this section are for the total available power developed 
in San Francisquito Canyon, between 40 and 45 miles from Los Angeles, and 
delivered in Los Angeles at a distributing switchboard in the receiving sub- 
station for sale at wholesale rates. Power houses include hydraulic gates at 
entrance to wheels and the pressure pipes are included in the extra hydraulic 
work given below. Three separate circuits of three phase transmission at 
80,000 volts are provided for, the three circuits being necessary for reliability 
and regulation. The two double steel tower lines estimated on cost about the 
same as three single tower lines and provide space for a future fourth circuit, 
which will be required in developing the prospective power at other points 
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along the aqueduct, the San Francisquito Canyon power being but three-fourthB 
of the total power available along the aqueduct. 

The amount of power is based on 400 second-feet of water and a total net 
head on the wheels of 1475 feet divided into two parts of 1060 and 415 feet, 
respectively. Making due allowances for losses and efficiencies in developing, 
transmitting and transforming the power, there should be 31,500 kilowatts 
(42,000 horsepower) delivered in Los Angeles, but 12% per cent has been 
deducted from this amount as a very conservative allowance for decrease in 
the average flow, due to cleaning and repairing sections of the aqueduct 
between reservoirs and for failure to realize on all available power, which 
should not be great with ample storage near the power site. The amount of 
power delivered in Los Angeles, therefore, is estimated at 27,500 kilowatts 
(37,000 horsepower) 24 hours a day every day in the year. 

The capacity of machinery estimated anticipates sale of power at load fac- 
tors from 40 to 60 per cent, or an average of 50 per cent, giving a total plant load 
factor of probably 55 per cent; by load factor is meant the ratio of the average 
load for 24 hours to the maximum or peak load. In planning the power houses 
provision should be made for the addition of one unit in each at such time as 
the peak load, which is the most valuable power, may make it advantageous. 

The average price of power delivered as above to factories, electric rail- 
ways and distributing companies is placed at 0.8 cents per kilowatt-hour on a 
50 per cent load factor basis. 

CONSTRUCTION COSTS. 

FOB DEVELOPING THE TOTAL AVAILABLE POWEB FBOM THE SAN 

FBANCISQIHTO CANYON. 

Power Hbose No. 1. 

Building and foundations, including crane $ 145,000.00 

Five 7500 K. W., 3 phase, 50 cycle electric generators for con- 
tinuous operation at 25% overload at 0.9 power factor 

Five water wheels of capacity to operate the generators at 25% 
overload. Including generator shaft, bearings, governors and 

gate valves 

Exciter generators and water wheels 

Switchboard wiring and small piping, material only 

Sixteen 2500 K. W., step-up transformers for Y connection and with 
taps for line voltages from 67,500 to 80,000 at 50 cvcles. For 
25% continuous overload and 0.9 power factor. laeluding oil. 
Total electrical and hydraulic machinery and apparatus, 

f. 0. b. Saugus, Cal $ 544,000.00 

Hauling and erecting all machinery and apparatus 140,000.00 

Incidentals and extra expense 42,500.00 

Engineering and superintendence 42,500.00 

Total cost of Power House No. 1 $ 914,000.00 

Power House No. 2. 

Buildings and foundations, including crane $ 110,000.00 

Five 3000 K, W., 3 phase, 60 cycle electric generators for con- 
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tinnoos operation at 25% overload and 0.9 power factor 

Five water wheels of a capacity to operate the generators at 25% 
overload. Including generator shaft, bearings, governors and 
gate valves 

Exciter generators and water wheels 

Switchboard wiring and small piping, material only 

Sixteen 1000 K. W., step-up transformers for T connection and with 
taps for line voltages from 67,500 to 80,000 at 50 cycles. For 
25% continuous overload and 0.9 power factor. Including oil. 
Total electrical and hydraulic machinery and apparatus, 

f. o. b. Saugus, Cal $ 268,000.00 

Hauling and erecting all machinery and apparatus 85,000.00 

Incidentals and extra expense 25,000.00 

Engineering and superintendence 25,000.00 

Total cost of Power House No. 2 $ 513,000.00 

Transmissioii Line. 

Copper for a 45-mile transmission with three circuits of three 4-0 

cables each, f. o. b. Los Angeles and Saugus $ 370,000.00 

Steel towers for two separate tower lines arranged for two circuits 
each (providing space for one additional circuit). Average 
height 55 feet. Average span 650 feet 

4300 — 80,000-volt insulators 

Telephone circuits, material 

Bight of way and clearing same 

Switching stations, material 

Total for material, excepting copper, f. o. b. Los Angeles and 

Saugus $ 222,000.00 

Hauling material and erecting lines and stations 85,000.00 

Incidentals and extra expense 34,000.00 

Engineering and superintendence 34,000.00 

Total cost of transmission lines $ 745,000.00 

Sub-Station. 

One receiving sub-station at Los Angeles. Complete, including 
real estate, building, step-down transformers, high and low 
tension switches, wiring and piping $ 340,000.00 

Beservoirs, Conduit and Pressnre Pipe. 

Total initial cost of extra hydraulic work incident to said power 
development in the San Francisquito Canyon (furnished by the 
hydraulic engineers) $1,982,000.00 

Grand Total. 

Total initial cost of developing the total available power in the San 
Francisquito Canyon (the same being three-fourths of the 
power available along the entire aqueduct) and the delivery 
of the same at a receiving sub-station in Los Angeles $4,494,000.00 
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YEABIaT 0O8T. 

OPERATION, liAINTENANOE, INTEREST AND DEPRECIATION. 
POWER HOXnetES, TRAN8Bn88ION LINES AND SUB-STATION. 

Offiee rental, executive salaries and clerical expenses $ 35,000.00 

Chief operator, men on shifts, patrol and linemen 37,000.00 

Operating supplies 9,000.00 

i2ngineering and maintenance, that is, replacement of minor ap- 
paratus and all repairs, including labor and material, meter 

department and stable expense 70,000.00 

General and extra expense 20,000.00 

Interest and depreciation at 9% 226,000.00 

Tearlj cost (mechanical and electrical) $ 397,000.00 

ResexTOin, Conduit and Pressure Pipes. 

Nearly cost for extra hydraulic work incident to power development 
as figured bj the hydraulic engineers, including interest and 
depreciation $ 124,000.00 

TotaL 

^otal yearly costs, including interest and depreciation, of develop- 
ing the total available power in the San Francisquito Canyon 
and delivering the same at a receiving sub-station in Los 
Angeles $ 521,000.00 

YEARLY EARNINGS. 

Oross earnings from 27,500 K. W. average load on the basis of 

0.8 cents per K. W. hour at 50% load factor; $1,927,000.00 

Het yearly earnings from said total available power in the San 
Francisquito Canyon, delivered at a sub-station in Los Angeles 
to factories, railways and distributing companies at wholesale 
rates $1,406,000.00 

To Mr. Wm. MulhoUand, 

Chief Engineer. 

Bespectfullj submitted, 

E. P. SCATTEBGOOD. 
Los Angeles, California, December 1st, 1906. 
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APPENDIX K. 



BEPOBT OF THE AUDITOR OF THE LOS ANOELES AQUEDUCT. 

March 1, 1907. 



Status of Water Works Bond, 1905 Fund: 

Bonds $1,500,000.00 

Premium and interest 17,246.33 

Total $1,517,246.33 

EXPENDITUEES: 

General expenses, including salaries and ex- 
penses of executive offices. Clerks and 
attendants. Legal expenses. Printing, sta- 
tionery, office rent, etc $ 27,825.78 

Interest and taxes 10,239.87 

Beal estate and water rights 996,283.91 

Water investigation 12,798.51 

Engineering •. 129,618.24 

Conduit 21,510.80 

Cement investigation 1,623.85 

Total $1,199,900.96 $1,199,900.96 



Balance in fund March 1, 1907. $ 317,345.37 
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ASSEMBIiT BILL KG. 491. 

Passed the Assembly, February 12, A. D. 1907. 

Chief Clerk of the Assembly. 
Passed the Senate, February 27, A. D. 1907. 

Secretary of the Senate. 

This bill was received by the Governor, this day of 

, A. D. 1907, at o 'clock .... M. 



Private Secretary of the Governor. 



CHAPTER 



An act amending an act entitled ''An act authorizing the incurring of 
indebtedness by cities, town and municipal corporations for municipal 
improvements, and regulating the acquisition, construction or completion 
thereof," which became a law under constitutional provision, without 
governor's approval, February 25, 1901, by amending sections 2, 5, 7 and 
9 thereof. 

The people of the State of California, represented in senate and assembly, do 

enact as follows: 

Section 1. That section two of an act entitled "An act authorizing the 
incurring of indebtedness by cities, towns and municipal corporations for 
municipal improvements, and regulating the acquisition, construction or com- 
pletion thereof," which became a law February 25, 1901, be amended so as to 
read as follows: 

Sec. 2. Whenever the legislative branch of any city, town or municipal 
corporation shall, by resolution passed by vote of two-thirds of all its members 
and approved by the executive of said municipality, determine that the public 
interests or necessity demands the acquisition, construction or completion of 
any municipal improvement, including bridges, water works, water rights, 
sewers, light or power works or plants, buildings for municipal uses, wharves, 
school houses, fire apparatus, and street work, or other works, property or 
structures necessary or convenient to carry out the objects, purposes and 
powers of the municipality, the cost of which will be too great to be paid out 
df the ordinary annual income and revenue of the municipality, it may at any 
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Rnbsequent meeting of such board, by a vote of two-thirds of all its members, 
and also approved by the said ej^ecutive, call a special election and submit to 
the qualified voters of said city, town or municipal corporation the proposition 
of incurring a debt for the purpose set forth in said resolution, and no question 
other than the incurring of the indebtedness for said purpose shall be sub- 
mitted; provided, that propositions of incurring indebtedness for more than 
one object or purpose may be submitted at the same election. The ordinance 
calling such special election shall recite the objects and purposes for which 
the indebtedness is proposed to be incurred, the estimated cost of the proposed 
public improvements, the amount of the principal of the indebtedness to be 
incurred therefor, and the rate of interest to be paid on said indebtedness, 
and shall fix the date on which such special election will be held, the manner 
of holding such election and the voting for or against incurring such indebted- 
ness, and in all particulars not recited in such ordinance, such election shall be 
held as provided by law for holding municipal elections in such municipality; 
provided, however, that if the rate of interest to be paid on such indebtedness 
shall not exceed four and one-half per centum per annum, payable semi- 
annually, the rate of interest need not be recited in such ordinance, but, in 
its discretion, the said legislative branch may recite in such ordinance a 
itiaximum rate of interest to be paid on such indebtedness, not exceeding six 
per centum per annum payable semi-annually, which rate when so recited, 
shall not be exceeded in the issuance of bonds for such indebtedness. 

i 

Sec. 2. That section five of the aforesaid act be amended so as to read 
as follows: 

Section 5. All municipal bonds issued under the provisions of this act 
shall be payable substantially in the following manner: A part to be deter- 
mined by the legislative body of the municipality, which shall be not less than 
one-fortieth part of the whole amount of such indebtedness, shall be paid each 
and every year on a day and date, and at a place within the United States, to 
be fixed by the legislative branch of the municipality issuing the bonds and 
designated in such bonds, together with the interest on all sums unpaid at sueh 
date; provided, however, that, in case of bonds issued for the acquisition, con- 
struction or completion of water works or light or power works or plants, or 
any other authorized revenue-producing public works, plant, utility or property, 
the legislative body of the municipality may, in its discretion determine and ' 
fix a date for the earliest maturity of the principal of such bonds not more than 
ten years from the date of the issue of such bonds, but, in this event, the 
whole amount of such indebtedness must be made payable in equal annual parts 
in not to exceed forty years from the time of contracting the same. The 
bonds shall be issued in such denominations as the legislative branch of the 
municipality may determine, 'except that no bonds shall be of a less denom- 
ination than one hundred dollars, nor of a greater denomination than one thou- 
sand dollars, and shall be payable on the day and at the place fixed in such 
bonds, and with interest at the rate specified in the bonds, which rate shall 
not be in excess of six per cent per annum and shall be payable semi-annually, 
and said bonds shall be signed by the executive of the municipality, and also 
by the treasurer thereof, and shall be countersigned by the clerk. The coupons 
of said bonds shall be numbered consecutively and signed by the treasurer. 

In case any of such officers whose signatures or counter-signatures appear 
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on the bonds or coupons shall cease to be such officer before the delivery of 
such bonds to the purchaser, such signatures or counter-signatures shall never- 
theless be valid and sufficient for all purposes the same as if they had remained 
in office until the delivery of the bonds. 

Sec. 3. That section seven of the aforesaid act be amended so as to read 
as follows: 

Section 7. The legislative branch of said city, town or municipality shall 
at the time of fixing the general tax levy, and in the manner for such general 
tax levy provided, levy and collect annually each year until said bonds are 
paid, or until there shall be a sum in the treasury of said city, town or munic- 
ipality set apart for that purpose to meet all sums coming due for principal 
and interest on such bonds, a tax sufficient to pay the annual interest 
on such bonds, and also such part of the principal thereof as shall be- 
come due before the time for fixing the next general tax levy. Provided, 
however, that if the maturity of the indebtedness created by the issue of bonds 
be made to begin more than one year after the date of the issuance of such 
bonds, such tax shall be levied and collected at the time and in the manner 
aforesaid annually each year, sufficient to pay the interest on such indebted- 
ness as it falls due, and also to constitute a sinking fund for the payment of the 
principal thereof on or before maturity. The taxes herein required to be levied 
and collected shall be in addition to all other taxes levied for municipal pur- 
poses, and shall be collected at the time and in the same manner as other 
municipal taxes are collected, and be used for no other purpose than the pay- 
ment of said bonds and accruing interest. 

Sec. 4. That section nine of the aforesaid act be amended so as to read 
as follows: 

Section 9. All contracts for the construction or completion of any public 
work or improvement or for furnishing labor or materials therefor, as herein 
provided, shall be let to the lowest responsible bidder. The legislative branch 
of the municipality shall advertise for at least ten days in one or more news- 
papers published in the municipality, inviting sealed proposals for furnishing 
the labor and materials for the proposed work or improvement before any con- 
tract shall be made therefor. The said legislative branch shall have the right 
to require such bonds as they may deem best from the successful bidder to 
insure the faithful performance of the contract work, and shall also have the 
right to reject any and all bids; provided^ however, that nothing herein con- 
tained shall be construed as prohibiting the municipality itself from construct- 
ing or completing such works or improvements, and employing the labor neces- 
sary therefor; and provided further, that, in cities, towns or municipalities 
operating under a charter, heretofore or hereafter framed under section eight 
of article eleven of the constitution and providing for a board of public works 
all the matters and things required in this section to be done and performed 
by the legislative branch of the municipality shall be done and performed by 
the board of public works of such city, town or municipality, and, in case such 
charter also prescribes the manner of letting and entering into contracts for 
the furnishing of labor, materials or supplies for the constructing or completion 
of public works or improvements, the contracts therefor shall be let and entered 
into in conformity with such charter. 
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See. 5. That nothing in this act contained shall be eonstmed as afPectin 
the iaane or sale of bonds in porsuanee of proceedings begun prior to the takin, 
effect of this act and under the provisions of the act amended hereby. 

Sec. 6. This act shall take effect immediately. 



Speaker of the Assembly. 

President of the Senate. 
Approved, , A. D. 1907. 

GK>vemor. 



APPENDIX M. 

SENATE BILL KG. 463. ^ 

Passed the Senate, February 5, A. D. 1907. 

Secretary of the Senate. 
Passed the Assembly, March 11, A. D. 1907. 

Chief Clerk of the Assembly. 

This bill was received by the Governor, this day of 

, A. D. 1907, at o 'clock M. 



Private Secretary of the Governor. 

CHAPTER 

An act authorizing any incorporated city, town or municipal corporation to 
construct, equip, use, maintain and operate any works, road, railroad, 
tramway, power plant, telephone or telegraph line, or other necessary 
works or structures, for the preparation, manufacturing, handling or trans- 
porting of materials or supplies required in the construction or completion 
of any public work, improvement or utility, and to lease, acquire, by pur- 
chase, condemnation or otherwise, and hold and uso lands and other 
necessary property for said purposes. 

The people of the State of California, represented in senate and assembly, do 

enact as follows: 

Section 1. Any incorporated city, town or municipal corporation in this 
state is hereby authorized to construct, equip, use, maintain and operate any 
works, road, railroad, tramway, power plant, telephone or telegraph line, or 
other necessary works or structures, within or without such city, town or 
municipal corporation, or the county wherein such city, town or municipal 
corporation is located, for the preparation, manufacture, handling or trans- 
porting of any materials or supplies required in the construction or completion 
by such city, town or municipal corporation of any public work, improvement or 
utility, and, for the purpose of constructing, equipping, using, maintaining or 
operating any such works, road, railroad, tramway, power plant, telephone or 
telegraph line, or other necessary works or structures, such city, town or munic- 
ipal corporation is hereby authorized to lease or acquire, by purchase, con- 
demnation or otherwise, and hold and use, any land, rights of way, water, 
water rights, quarry, gravel bed or other mineral deposits, or any other neces- 
sary property, within or without such city, town or municipal corporation, or 
the county wherein such city, town or municipal corporation is located. 

Sec. 2. Nothing in this act contained shall be construed as extending or 
enlarging any limitation prescribed by law or municipal charter upon taxation, 
expenditure of public funds, or the incurring of indebtedness, by any city, 
town or municipal corporation. 

Sec. 3. This act shall take effect immediately. 

President of the Senate. 

Speaker of the Assembly. 
Approved, , A. D. 1907. 

Govemor. 
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